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Effects of· Various Dietary Salt Additions on Silica 
Urolithiasis in Male Rats 
LITERATURE REVIEW 
INTRODUCTION 
Urinary c a l cu l i  compos ed primari ly of s i l ica have been ident i ­
f ied in r ange anim a l s  b y  s everal  res earchers ( 1 - 6 ) . S i l ic a  c a l cu l i  
have a l s o  been found in dogs , humans , rats'  and guin e a  p igs ( 7 - 1 1 ) . 
Forman et a l  ( 5 ) conduct ed a det a i l ed ana lys is  of c a l cu l i . 
They found . that as hing at temperatures of 1 5 0 0  C .dec reas ed c a l cu l i  
we ight by 20% . S i l ica and c a l c ium were shown t o  make up mos t o f  the 
remain ing m in eral  content . C a l cu l i  from graz ing ruminants in wes tern 
Aus t r a l ia cont ained S i02 , but further ana lys is s howed that they 
were a m ixture of subs t ances . Mc intosh ( 4 )  found that of the c a l cu l i  
analyzed 47% cont a ined wedde l it e  ( C a l c ium oxa l at e . H20 )  and opa l ine 
s i l ica , 1 3%.contained cal cite or aragonit e ( C aC03 ) and s i l ica , 9% 
cont ained s i l ica , 1 3% cont ained calcite or aragonite , 6% cont ained 
wedde l it e  and c a l c it e , 1% cont ained apat ite ( ca l c ium phosphat e )  and 
1 1% were organic  ca l cu l i  cons is t ing of 4' - 0 - methy l equo l c rys t a l s . Or ­
ganic c a l cu l i  o f  this type were associat ed with ruminants grazing c lo­
ver pastures ( 1 2 ) . C a lcite ca l cu l i  were found mos t  oft en in ruminants 
consum ing legume hays or · grazing legume pastures ( 4 ) . In the United 
·st at es s i l ica has been repo rt ed to be in a l l c a l culi r emoved from ru ­
minants graz ing nat ive pas tures ( 5 , 6 , 1 3 , 14 ) . 
I n  s ome s tudi es up to 5 0% or more of  the anim a l s  grazing 
wes t e rn p as tures have been found to have c a l cu l i  ( 15 , 1 6 ) . Bai ley ( 13 )  
and Whit ing e t  a l  ( 1 6 )  found up t o  9 0% of the anim a l s  i n  cert ain t r i ­
a l s  fed grass  hay t o  have s i l ic a  c a l cu l i  and Whit ing e t  a l  s aid that 
urinary c a l cu l i  in r ange animal s  was a usual  condit ion . Los s es due to 
obs t ruct ion of the urinary t r act were much lower w ith e s t imat es vary­
ing from 4 to 1 0  percent of some ruminant f locks and herds 
( 2 , 4 , 1 7 , 1 8 ) . S i l ic a  uro l ithias is has caus ed an est imat ed 0 . 5  to 1 . 0  
mi l l ion dol lar los s to C anadian l ives tock produce�s annua l ly ( 1 9 ) , and 
in the wes t ern Un it ed S t ates s i l ica uro l ithias is ranked f i fth among 
a l l  nut rit iona l disorde rs of cat t l e  ( 20 ) . 
OBSTRUCTIVE URINARY CALCULI 
C a l cu l i  can be found in both the kidneys and the b l adders of  
sheep and cat t l e . For groups of calves graz ing short - gras s prair ie , 
the amount of c a l cu lus material  found in the kidneys averaged 82 . 6  to 
9 0 . 9  mg whi l e  the b l adde rs contained ave rages of 0 . 5 to 1 1 . 1  mg ( 2 1 ) . 
Nett l e  ( 2 2 )  found that the kidneys of  range animals  frequent ly con­
tained c a l cu l i  whi l e  the b ladders had l itt l e  c a l cu lus mat e r ia l . In 
another exper iment in wh ich two groups of ca lves wer e  a l lowed to graze 
short gr as s prairie , both the cont ro-l and s alt  supp l ement ed groups had 
much great e r  amount s  of  calcu l i  in the b ladder than in the kidneys 
( 1 3 ) . Conne l l  et al ( 15)  found the b l adder and kidneys to have near ly 
equal we ights of c a l cu l i  present . 
2 
The mechanism by which the c a l cu l i  are he l d  and kept from be ­
ing f lushed out w ith the ur ine before they grow l arge enough to caus e 
ur inary t ract obs t ruct ion is unknown ( 2 2 ) . C a l cu l i are apparent ly not 
attached to the kidney or b ladder wa l ls becaus e comp l et e  l ayers of  
c a l cu lus mat e r i a l  are l aid down . Furthermore , when anima l s  with ca l ­
cu l i  pres ent were s l aught ered , the c a l cu l i  were not att ached to the 
b l adde r or k idney wal l s . Nott l e  ( 22 )  s aid that l arge ca l cu l i  can not 
pas s out of the kidney , but per istalt ic cont ract ions of  t he kidneys 
may pe the means by which sma l l  calcu l i  cap ab l e  of p as s ing through the 
uret ers are removed . In rat s tudies peris t a lt ic cont r act ions of the 
kidney appeared to mi lk ur ine f rom the pap i l l a and force it into the 
uret er ( 2 3 ) . C a l cu l i  originat ing in the kidney may undergo further 
growth in the b l adder and the large c a l cu l i  may then pass into the ur ­
ethra and b lock it . C a l cu l i  incidence in the kidneys of  sheep was 
lowest dur ing the summer months when ur inary tract obs t ruct ions from. 
s i l ica c a l cu l i  were at the ir peak . Nott le  conc luded that more infor ­
mat ion on peris t a l t ic cont ract ions of the kidneys and forces ho lding 
c a l cu l i  in the ur inary t ract were needed to more fu l ly understand ca l ­
cu l i  format ion and its prevent ion . B a i l ey ( 1 9 )  obs e rved that ca l cu l i  
l arge enough t o  obs t ruct the urethra were rare ly found in the b l adder . 
He f e l t  that i f  ca l cu l i  grew to a cert ain s ize they were pas s ed out of 
the b l adder . The import ance of this obs ervat ion was that one may need · 
on ly l imit ca l cu l i  growth to a cert ain s ize to prevent ur inary t ract 
obs t ruct ion from s i l ica s tones . 
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If a c al cu lus pas s e s  into the urethr a , there are cert ain 
points where it i s  mos t  l ike ly to be trapped . They are the is chial  
curvature , the  s igmo id curvature and the t ip o f  the p enis ( 24 , 25 ) . 
Scrat ching by the animal or irr itat ion from the c a l cu lus c aus es a re -
f l ex spasm of the urethra which lodges the c a l cu lus and part i a l ly or 
ent ire ly b locks the ur ethra . The per i s t a lt ic cont ract ions o f  the ur -
eters cont inue to move ur ine into the b l adde r which expands and even -
tua l ly bur s t s  from the pressure . If rough irregu l ar uro l iths become 
lodged and damage the urethra l ining , the urethra may b reak rather . . 
than the b l adder · ( 15 ) . S igns of a ur inary b lockage inc luded feed re-
fus a l , head car r ied low , back arched , frequent att empts to urinate , 
hes itance to move and the pres ence of  wet woo l around the s heath of 
the anima l .  In the l as t  stages the an ima l  became du l l  and l is t l es s , 
kicked at its abdomen and got up and down frequent ly ( 24 ) . 
ETIOLOGY OF SILICA URINARY CALCULI 
Numbers of  fema les and ma l es with c a l cu l i  in prob l em c a l cu l i 
areas were equa l (16 , 25 , 26 ) . Cas t rated ma l e  an ima l s  were mos t  fre -
quent ly a ffect ed by obs t ruct ive c a l cu l i  becaus e of  a longe r  and smal l -
er urethra than the fema l e  ( 2 1 ) . Fema l es had a fas t er rate o f  ur ine 
f l ow which a l lowed them to pas s l arger s tones ( 15 , 1 6 , 2 7 ) . B a i l ey ( 2 1 ) 
found that ca lves l e ft as bu l l s or left as part i a l  ca�t rates us ing 
Baiburtcj an's method had l arger urethras than did the anima l s  castrat -
ed at two or s even months . Bas ed on urethra s ize it was c a l cu l at ed 
that late castrat ed an ima ls , part ial  cas trates and bu l ls cou l d  pas s 
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s tones that were 14% , 5 0% and 1 00% l arger than ear l y  c as t rat es . How­
ever , the us e of part i a l  cas trates and bu l l s was impractica l becaus e 
of the ir lower market va lue . 
Ma l e  anima l s  grazing nat ive pas tures after weaning were the 
group of anima l s  hav ing the greatest los s es  ( 2 1 ) . Whit ing et al ( 1 6 )  
s l aughtered groups of 6 ca lves at 8 ,  14 and 1 8  weeks o f  age and found 
that 0 ,  2 and 5 anima l s  from each respect ive age group had c a l cu l i . 
The incidence of  ca l cu l i  format ion coinc ided c los e ly with the consump ­
t ion of l es s  m i lk and more s i l ica cont ain ing gras s . 
Obs t ruct ive s i l ica urol ithias is has been as s oc iat ed with c e r ­
tain c l imat ic per iods of the �ear . In the Unit ed S t at es and C anada 
it s inc idence increas es in the fa l l  and wint er when the t emperature 
decreas es and pas tures have ceas ed growth . This  a l s o  coinc ides with 
the t ime some c a lves are weaned and left on gras s pas ture ( 15 , 28 , 2 9 ) . 
Parker ( 1 )  found obs t ruct ive calcu l i  inc idence peaked in December . and 
January . An exp l anat ion for this is that wat er int ake and urine vo l ­
ume was lowered whi ch concent rated the ur ine and incr eas ed s i l ica 
polymer izat ion . 
In Aus t r a l i a c a l cu l i  incidence was increas ed dur ing the hot 
summer when gras s was of its poor est qua l ity . Dur ing the i r  winter , 
gras s  t ended to b e  lush and green ( 30 ) . In Ju ly the d aily mean of the 
maximum and m inimum t emperatures was 18 and 4 C .  In the Unit ed States 
obst ruct ive ur inary c a l cu l i  appeared to be m9re common in catt l e  graz ­
ing pastures in the Wes t  than in the East ( 2 8 , 3 1 ) . Likewis e ,  in Aus ­
tra l ia it is  known that cert ain distr icts have a highe r  c a l cu l i  inc i -
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dence than do others (3 ) . Rainfal l has been imp l i cated as having an 
ef fect on c a l cu l i  inc idence due to the change in p l ant spec ies compo ­
s it ion in the area ( 1 ) . Bezeau et a l  ( 2 8 )  found that there were lower 
inc idences of c a l cu l i  in fes cue gras s l ands whi ch grow in an area r e ­
ce iving 6 0  em o f  rain a year v s  a shortgras s p l a in which rece ived a 
mean annua l precip it at ion of  30  em . The higher rainf a l l pasture had 
40% forbs and s hrub vegetat ion whi le the shortgr as s prairie  had only 
1 0% . The res t o f  the veget at ion was predominant ly d i f fer ent spec ies 
of gras s . The S i0 2 content of  the forbs and s hrub s was 0 . 49% 
whi le gras s es contained 2 . 6 1% .  In Aus t r a l i a  incr eas ed ra infa l l and 
mo isture cont ent of the feed and inc reas ed ava i l ab i l ity of wat er . was 
as sumed to result in an inc reas ed int ake of  wat e r  ( 3 0 ) . The ur ine 
S i02 concent rat ion was di lut ed to l eve ls  which dec r e a s ed or 
stopped po lymer izat ion of s i l ica . Resu l t s  from an exper iment by Par ­
ker ( 1 )  concurred as he found that anima l s  graz ing areas with a higher 
percent age o f  forbs and shrubs had a 0 . 6 3% inc idence o f  ur inary tract 
b lockage whi l e ranges with higher amounts of gras s produced 4 . 09 to 
6 . 7 8% inc idence o f  ur inary tract b lockage . 
Forman and S auer (3 2 )  found the vo lume and characte r i s t ics of  
ur ine excreted by sheep consum ing s econd cutt ing c l over hay grown in 
eas tern C anada to be different from that of sheep fed hay grown in 
wes tern C anada . Sheep fed wes tern hay consumed 1 . 2 3 � of wat er/ day , . 
had a u r in e  vo lume o f  2 1 8 ml /day ,  excreted 7 7  mg o f  S i02 / day and 
had a ur ine pH o f  5 . 8 7 .  Sheep fed eas t ern hay consumed 2 . 15 1 water/ 
day , excreted 5 0 2  m l  of  urine and 6 6  mg o f  S i02 / day and had a 
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urine pH o f  8 . 2 6 .  Even though the tot a l  mg o f  S i02 excreted was 
not much higher for sheep consuming the wes t e rn hay· , those consum ing 
the east e rn hay had a ur ine S i02 concent r at ion of 1 3 0  ppm compared 
to 354 ppm for s he ep consum ing wes t ern forage . The differences in the 
urine charact e r i s t ics were exp l ained part ly by the m inera l  content o f  
t h e  feed . E as t e rn hay had Na , K ,  C a , Mg , P ,  S i0 2 and prote in p e r ­
cent ages o f  0 . 0 6 ,  1 . 35 ,  0 . 9 2 ,  0 . 2 7 ,  0 . 15 ,  0 . 7 8 and 1 1 . 74 whi l e western 
hay had 0 . 0 2 ,  0 . 44 ,  0 . 32 ,  0 . 08 ,  0 . 12 ,  8 . 2 8 and 5 . 8 7 percent , r espec -
t ive ly . The greate r  concent r at ion o f  mine r a l s  bes ides s i l ic a  and the 
a lka l ine nature of them c aus ed the ur ine pH of  the sheep consum ing 
eastern hay to be more a lka l i�e . The ur ine pH resu l t ing from feeding 
ruminants diets of a l fa l f a ,  spear gr as s , cres t ed whe at gras s or rus -
s ian w i l d  rye r anged f rom 7 . 9  to 8 . 4 .  Bar l ey consumpt ion c aus ed ur ine 
pH to be 6 . 0  and prairie hay produced a ur ine pH o f  5 . 8  t o  6 . 0  ( 3 3 ) . 
P l ant S i02 l eve l s  a l s
o  var ied on a dry matt e r  bas is  dur ing 
the year . Parker . ( 1 )  s amp l ed shortgr as s es s ever a l  t imes dur ing the 
year and ana lyzed them for var ious mineral  cons t ituent s . The S i02 
leve l was l ow e s t  dur ing the spring and summer months , vary ing from 3 . 9  
to 5 . 7% ,  and dur ing the months of  October to February , the S i02 
l eve l ros e to 9 . 9% .  Nett l e  and Armst rong ( 3 0 )  repor t ed that in Aus -
tra l ia p l ant S i02 cont e
nt on a dry matter bas is was h ighest  dur ing 
the summe r  months , varying from 2 . 81 to 3 . 65% . Dur ing the lush wint er 
growth , p l ant S i02 con
t ent was on ly 1 . 7 0 to l . 7 9% .  
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PLANT SILICA 
B l ackman ( 34 )  conc luded that the s i l ica in p l ants wa� in three 
di f ferent forms , s i l ic a  phytol iths , ce l l  wa l l  s i l ica or the thin l ayer 
of s i l ica as soc iat ed w ith the ce l l  wa l l  and free s i l ic a  which was not 
polym e rized and was readi ly solub l e . The free s i l ic a  cont ent was de ­
t e rmined by ashing the p l ant s.amp l e , and the amount of s i l ic a  in the 
ash that dis s olved in 0 . 1  N HC l was cons ider ed to be free s i l ica . 
Free s i l ic a  r emained at a cons t ant low l eve l throughout the l i fespan 
of rye p l ants and ra�ged from 0 . 23 to 0 . 6 2% .  Res ldua l s i l ica remain ­
ing in the ash from the above ana lys is on a dry m at t e r  b as is inc reas ed 
with age f rom 0 . 26% to 2 . 7 3% . 
Accumul at ion of s i l ica is part ly dependent on p l ant species as 
was ment ioned be for e . Some spec ies , such as speargras s , b lue gr am a  
and othe r s  i n  t h e  f ami ly Graminae , found on shor t -grass  n at ive prairie 
have a h igh S i02 cont ent whi l e  forbs , 
shrubs and legumes h ave a 
much lower S i02 cont ent ( 2 8 ) . Jones
 and Handreck ( 3 5 , 3 6 )  found 
that the s i l ica cont ent of the oat p l ant var ied w ith the l eve l of s i l­
ica in the soi l s olut ion . It was conc luded that the s i l ic a  was pas ­
s ive ly abs orbed with water as s i l icic acid . Increas ing the pH of the 
soi l solut ion from 5 . 5 to 7 . 2  decreas ed s i l ica in the soi l s o lut ion ,  
and the amount of s i l ica in the oat p l ant dec reas ed f rom 2 . 7 7 to 1 . 6% 
( 3 5 ) . The p r e s ence of  iron and a luminum s a l t s  further reduc ed s i l ica 
in the s o� l  solut ion . 
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Studies have been conduc.ted to dete rm ine the amount of s i l ica 
that can be r e l eas ed f rom forage and abs orbed by the anima l ( 36 - 38 ) . 
Jones and Handreck ( 36 )  fed thr ee diets contain ing 0 .  1 0 , 0 .  94  ·, and 
.2 . 84 percent S i02 to rumen - f i s tu l at ed sheep . The r ecover ies of 
inges t ed s i l ica in the urine for the three respect ive t reatment s were 
3 . 5 2 ,  1 . 7 0 and 0 . 80% . S i l ic a  concent rat ions in the rumen fluid for 
the s ame three diets were 1 3 . 3 ,  1 1 6 and 1 9 4  ppm . S im i l ar ly B a i l ey 
( 3 8 ) found that a l fa l fa hay with 0 . 4% S i02 did not s aturat e  rumen 
f luid with s i l ica , whereas prairie hay con�a in ing 5 . 7 8% S i02 
s l ight ly exceeded the theoret ica l s aturat ion l eve l.of 1 9 0  ppm S i02 
( 3 9 ) . B l ackman and B a i l ey ( 3? )  compared the dis so lut ion of s i l i�a 
from weathered gras s and green gras s s amp les in ny lon b ags p l aced in 
the rumen of a cow . With a diet of prair ie hay , 3% and 14% of the 
s i l ica was dis solved f rom the green and weathered for ages respect ive ­
ly . They s tudied the feeds micros cop ica l ly and found that weathered 
feeds had more mechan i c a l  damage which may have made more of the s i l i ­
c a  ava i l ab l.e for solub i l izat ion . 
Re f lux ing a forage s amp l e  in 0 . 1  N HC l r ender ed p l ant s i l ica 
ins o lub l e  when it was p l aced in hot wate r  ( 40 ) . A 9 8 . 7% r ecovery of 
p l ant s i l ica was obtained in the ac id detergent f ib e r  fract ion after 
ref l ux ing a forage s amp l e  with acid detergent reagent ( 40 ) . 
S I LICA METABOL I SM 
The met abo l ism of s i l ica has been s tudi ed w it h  guinea p igs , 
rats , sheep and cat t l e  ( 1 0 , 11 , 36 , 3 8 ) . S auer et a l  ( 1 0 )  adminis t ered 
9 
sod ium metas i l icate , precipitat ed s i lic ic acid and a 3 0% s i l ica sol by 
ora l  or int rape r itonea l inj ect ions to guinea p igs f ed a b as a l  diet 
giv ing a ur inary excret ion of 1 to 3 mg of S i02 /48 hours . The 
ora l  adm inist r at ion o f  four 80  mg dos es of  s od ium metas i l i cate at 48 
hour int e rv al s  increas ed the urine excret ion to 1 0 . 3  mg/48 hours . 
O r a l  adm in i s t rat ion of 1 and 5% s i l ica sols  had no s igni f icant e ffect 
on excr et ion of S i02 in the urine . Intrape r itonea l  inj ect ions of 
2 and 4% s i l ica sols inc reas ed mean urine S i02 excret ion to 32 . 6  
mg/48 hours for the 2% s o l  and 5 0 . 8  mg/48 hours for the 4% s i l ica sol . 
I n  addit ion, it took a much longer per iod of t ime for the u r ine 
S i02 concent rat ion of guinea p igs given int r aper
itonea l s i l ica in­
j ect ions to return to pretreatment l eve ls . S im i l ar r es u l t s  were-ob ­
tained with a prec ip it at ed s i l icic  acid suspens ion . S auer  et a l  ( 1 0 )  
conc luded f rom thes e resu lts that the amount o f  s i l ic a  abs orbed from 
the gas t roint es t ina l t r act determ ines now much s i l ic a  w i l l be excreted 
in the urine . S i l ic a  in the diet had l itt l e  ef fect on b lood S i02 
concent r at ion . The kidneys rapidly removed s i l ica f rom the b lood 
keep ing b lood S i02 at a cons t
ant low l eve l with mos t diets  ( 41 ) . 
When int r aperitone a l  inj ect ions of s i l ica were m ade, u r ine S i02 
l eve l s  ros e to much higher l eve ls  and the e l evat ed l eve l s  pers i s t ed 
for a much longer t ime per iod . I t  was as s umed that s i l ica was cont in ­
uous ly be ing d is s o lved into the body f luids and then r emoved from t�e 
c i r cu l atory sys t em by the kidneys . 
Var ious s ources of s i l ica were fed to rats by stomach tube at 
s im i l ar tot a l  l eve l s  of S i02 ( 1 1 ) . The
 percent age o f _ the S i0 2 
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fed that was excreted in the ur ine was 8 . 0 ,  3 . 0 ,  7 . 0 and 1 7 . 0  for the 
wat er g l as s , s od ium metas i l icat e , magnes ium t r isi licate and the t et r a ­
ethy lorthos i l icate (TE S ) , respect ive ly . Excret ion o f  s i l ica in the 
urine f rom the TES diet was the highest o f  a l l  s i l ic a  s ources . After 
72 hours fo l l owing TE S administrat ion , urinary excr et ion of s i l ica was 
back to the pretreatment l eve l . With administ rat ion o f  various l eve ls 
o f  TES to r at s  v i a  a stomach tube it was.found that even at the high ­
est leve l given , equiv a l ent to 7 2  mg/ day , the amount o f  S i02 ex ­
creted in the ur ine increas ed l inear ly w ith inc r e as ing l eve l s  o f  TES . 
The rats appe ared to t o l erate 40 mg/ day , but 7 2  mg/ d ay was toxic . TES 
has been reported to be more toxic to steers ( 1 7 )  making it a poor 
calculogenic diet mat e r i a l  for ruminants .  S ince TES is r ap id ly hydro ­
lyzed in an acid environment ( 3 9 ) , l itt l e  TES may be abs orbed by the 
r at becau s e  it is rap id ly hydro lyzed in the gas t r ic s tomach . Rum i ­
nants may abs o rb s ome o f  the TES through the rumen w a l l b e fore it· was 
hydrolyzed . 
C att l e  were given prairie hay and a l fa l fa hay at three d i f fer ­
ent leve ls , 5 . 5 ,  7 . 3  and 9 . 1  kg/ day , in an att empt t o  obt a in v arying 
s i l ica intakes ( 3 8 ) . The prairie hay contained 5 . 7% S i02 and the 
a l fa l fa hay cont a ined 0 . 40% S i02 . For tho s e  fed the diets con ­
tain ing a l fa l fa hay ,  concent rat ions of  S i02 in the ret icu le - rumen 
f luid d i f fered for the three t reatment s and it was found that the to­
t a l  amount o f  S i02 exc
reted in  the urine was high ly corre l at ed 
( r=0 . 94 )  w ith the concent r at ion of S i02 in the rumen f luid . The 
r et icu l e - rumen f luid was s aturated with s i l ica in a l l three prair ie 
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hay t reatments and l eve l o f  int ake had no sign i f ic ant e ffect on the 
lev e l  of Si02 excr et ed . Furthermore , the maximum amount of sil ica 
excreted by s he ep was report ed to be 205 mg S i02/ d ay ( 3 6 )  and 200 
mg Si02fday ( 42 ) r eguar d l es s of the l eve l fed . Urine S i02 
concent r ations for sheep fed diets containing 0 . 1 0 ,  0 . 94 and 2 . 84% 
Si02 wer e  20.3 , 1 6 3  and 6 83 ppm , respect ive ly (3 6 ) . The amount o f  
Si02 excreted was thought t o  b e  l imited by the amount o f  S i02 
that can be s o lub i lized dur ing digestion o f  forages . The amount that· 
can be s o lub i l ized was l imited to the amount requ i r ed to keep rumen 
f luid s aturat ed with s i lica . 
Nett l e  (43 ) s tudied changes in the excret ion o f  urine s i l ica 
from she ep hand�fed us ing several dif ferent feeding s chedu l es . Urine 
co l l e ct ions from five wethers were made eve ry two hour s  over a 24 hour 
period . Urine vo lumes t ended to increas e after feeding . However , 
Si02 exc r etion was fair ly const ant . 
I t  appeared from this that 
_Si02 abs orption and subs equ
ent excretion was cons t ant throughout 
the day . 
CALCULI STRUCTURE AND FORMAT I ON 
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The s i lica in si lica uro liths is  entire ly po l ymerized sil icic 
ac id . S i l ica po lymerization consist s  o f  form ing rep e at ed siloxane 
bonds ( Si - 0 - Si )  with each s i licon atom having the abi lity to form four · 
of thes e cova l ent bonds . A mechanism of  siloxan·e bond ( S i -0 - Si )  for-
_mation was p ro
pos ed in I l er ( 39 ) . In his mechanism shown be l ow for 
the po lymeriat ion react ion , the s i lica atom t akes on a coo ridination 
numbe r  of  s ix by the addit ion of . a hydroxy l group and by shar ing a hy -
droxy l group from another monos i l icic ac id mo l ecu l e . When the s i lox -
ane bond is  formed , t h e  hydrogen from the shared hydroxy l i s  re l eas ed 
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along with the added hydroxy l .  At this s t age of  s i l ica po lymer iza-
t ion , the hydroxy l ion is a neces s ary cat a lys t at a pH above 4 .  5 .. The 
po lymer iz at ion react ion is  second orde r with respect to s i l ica , thus , 
s i l ica po lymer izes at a rat e  proport ional to the square of  its concen-
trat ion ( 3 9 ) . Carman ( 44 )  propos ed that when many monos i l i c i c  acid 
mo l ecu l es comb ine , the col loidal part i c l es that form w i l l  b ecome mo�e 
_dehydrat ed w ith on ly the sur face s i l ica atoms be ing great ly hydrat ed . 
Co l loida l s i l ica part ic les are s l ight ly ac idic giving them a 
negat ive charge ( 39 ) . I n  pure s i l ica solut ions the _ c o l loida l part i -
c l es form a s t ab l e  s o l ; however , if  s a lt s  are added to the s o l� the 
cat ions f rom the s a l t s  neut ra l ize the negat ive charge on the co l loida l  
s i l ica part i c l es whi ch could caus e them to ge l o r  f loccu l at e  (3 9 ) . pH 
has an import ant e f f ect on ge l ing of a s i l ica s o l . �e ls f rom-pure 
s i l ic a  s o l s  formed mos t readi ly at a pH of 5 . 5 .  As the pH increas ed , 
the col loida l s i l ic a  part ic l es became more negat ive ly charged and re -
pe l l ed each other to a greater ext ent which prevent ed f loccu l at ion or 
aggregat ion of part i c l es into a network mak ing up a ge l . 
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The ash cont ent of c a l culi is  42 t o  8 0% by weight with mos t 
reported va lues b e ing b etween 6 0  to 8 0% ( 5 , 6 , 1 3 , 2 1 , 45 ) . In addit ion , 
they cont ain 1 2  to 2 2% organic matter, and depend ing on the method of 
remov a l , 2 to 8% w at e r  ( 5 , 6 ) . Rat ios of amino a cids pres ent var ied 
between ca l cu l i  ( 4 6 ) . However , the types of s ugars pres ent were mor e  
uni form and inc luded ga l actos e ,  mannose ,  fucos e ,  rhamnos e and g lucos e 
(47 ) . 
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The prot e ins pres ent i n  ca lcu l i  s t a ined pos it ive w ith muc icar ­
mine , muc ihemate in and periodic acid S ch i f f  for mucop rot e ins . To lui ­
dine b lue gave an orthochromat ic co lor indicat ing the p rot e ins were 
neut r a l  mucoprot e ins which concurred w ith the carbohydrate ana lys is of 
hydro lyzed stone. organic mat t e r  (4 7 ) . Specific prot e ins occurr ing in 
detect ab l e  quant it ies  f rom cal cu l i  inc luded uromucoid , orosomucoid and 
mat r ix sub s t ance A (48 , 49 ) . The or igin of the mucoprot e in appeared to 
be from the urinary t ract its e l f , probab ly the tubu l ar ep ithe l ia l­
_ce l ls of rena l tubu l es and l es s er amount s  from the b l adde r  and ureters 
(48 ) . They . cited s evera l  s ituat ions where ce l l s l in ing the proxima l 
tubu l es of the kidney f i l l ed with mucoprot e ins and �urs t , emptying the 
ce l l  cont ent s into the urine . 
S i l ica c a l cu l i  formed by ruminants graz ing on gras s pas tures 
have variab l e  s t ructur es . They are report ed to range f rom l aminat ed 
ca l cu l i  compos ed of s ever a l  fine , dis crete l ayers to .a non l aminated 
type compos ed of s ever a l  s ma l l  s tones aggregat ed together to form one 
l arge s tone ( 47 ) . B ai l ey ( 19 )  in his review of l it er ature on s i l i­
ceous urinary ca l cu l i conc luded that mos t c a l cu l i  cou l d  be c las s i f ied 
bas ed on int e rn a l  s t ructure and compos it ion into three types : 1 )  fria­
ble  amorphous s i l ica , poor in organic mat t e r  and found at the core o f  
mos t  cal cu l i , occas ional ly being int erspers ed between over lying l am i ­
nat ions ; 2 )  dens e , concent r ic lam inat ions a l s o  high i n  s i l ica and 
forming the bu lk o f  the ca lcu l i ;  3 )  poor ly organized mat e r i a l  high in 
organ ic mat t er and usua l ly found between the core and out e r  l am ina ­
t ions . A l l  parts o f  l aminar calcu l i  may be m ixtures o f  prot e in and 
s i l ica , and the rat io o f  the two in the urine det ermine the phys ica l 
charact er i s t ics o f  the mater ial  that w i l l be depos i t ed ( 47 ) . 
15  
Boyce and King (48 ) gave a pos s ib l e  mechan i s m  by which ca lcu l i  
of  a l l types may form . They sugges t ed that urine mucoprot e in was ex ­
cr et ed and then j o ined toget.her to form mat r ix spheru l es . I t  was sub ­
s equent ly m iner a l ized form ing a prot ein -minera l comp l ex which i n  turn 
s e rved as a nucleus for addit ional mineral  depos it s . This  st ructure 
was ca l l ed a m icro l ith and many micro l iths comb ined t o  form a ca lcu� 
lus . Kee l e r  ( 1 7 ) -propos ed a mechanism which t ook int o  account the l a ­
minar and non l aminar types o f  s i l ica calcu l i . In it monomer ic s i l icic 
acid concent r at ed in the urine by the kidney po lymer ized into a so l . 
The s o l  precip it at ed when the pH was high , form ing an inorganic l am i ­
nat ion . If  the pH o f  the urine was low , a po lys i l icic acid ge l formed 
which l at e r  rearranged in s tructure to form an amorphous mas s w ith 
l itt l e  prot e in coprecip itat ing . When po lymerized S iq2 concentra -
t ion was low and prot e in was o f  high enough .concent rat ion t o  precip i ­
t at e , then an organic l ayer was formed . Laminat ions cons i s t ing o f  
vary ing r at ios o f  s i l ica and protein wou ld b e  added d ep ending on the 
concent r at ions of  p rot ein and polymer ized s i l ic ic a c id in the urine . 
When t he concent rat ion of po lymer ized s i l ic a  was . low as it was in 
fresh ur ine excret ed from the kidney , a layer r i ch in organic matt er 
cou ld be depos ited . Po lymer ized s i l ica conc ent rat ion wou ld be highes t 
when ur ine had been in the b l adder for longe r  per iods of t ime , and a 
s i l ic a  l am inat ion may be added to uro l iths unde r  this condit ion . A 
pot ent i a l  prob l em w ith the above theory is that at a low pH s i l ica 
w i l l  coprecip itate w ith prot e in readi ly so if ge l ing of s i l ica was im ­
por t ant with this type of  c a l cu l i  the concent rat ion of prot e in wou ld 
have to be very low to prevent coprecip it at ion with s i l ic a . At a pH 
of  8 . 0  B a i l ey ( 5 0 )  found that yrot e in coprecip it at ion with po lym�r ized 
s i l icic acid was . great ly reduced from that occurr ing at a pH of 6 . 0 .  
Richardson ( 5 1 )  found that s i l ica polymerizes mor e  r ap idly at a pH of 
8 . 0 .  One c an conc lude that amorphous s i l ica may be depos it ed on urol ­
iths at a higher pH whi l e  ca l cu l i  w ith l aminat ions of  var ious rat ios 
of s i l ic a  to prot e in w i l l  be formed at a lower pH . 
S i l ic a  c a l cu l i obs erved under an e l ect ron m icros cope are evi ­
dent a s  an agg regat ion of m inute spher i c l e  part ic l es ( 1 9 ) . E l ectron 
microgr aphs of part i c l es o f  s im i l ar s ize and shape c an be obt a ined 
f rom exper iment s in which opa l synthes is  was · s tudied ( 5 2 ) . This e l ec ­
t ron m i c rograph evidence support s  the conc lus ion that colloida l  part i ­
c l es of  polys i l ic ic acid are import ant in calcu l i  for�at ion . In s o lu­
t ions such as ur ine w ith high concentrat ions of e lect rolytes , these 
col loida l p art ic les may form . and coprecip itate w ith ur ine p rot eins to 
form individual l ayers o f  a c a l cu lus . 
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CALCULI PREVENTI ON 
Reported methods of  p reventing silica urinary c a l cu li fal l 
int o  three categorie� inc luding 1 )  removing sus ceptib l e  anima l s  such 
as ma l e  sheep and catt l e , f rom grass pastures in which obs t ructive 
uro lithiasis has been a prob l em in the pas t 2) supp l ement r ange feed 
with nonca l cu logenic forages such as a l fa l fa or other  p a l at ab l e  low 
silica feeds and 3 )  us e supp l ements that increas e urine vo lume so  that 
urine silica l eve l s  are dilut ed . Sources of low silica f eeds and 
their e ffects on urine Si02 were dis cus s ed by B ai l ey ( 3 8 ) , Jones 
and Handreck ( 36 ) , Forman and S auer ( 32 )  and Parker ( 1 ) . The third 
method of preventing c a l cu li is bas ed on the p remis e that on ly po ly ­
merized silica c an precipitat e with protein to form c a l cu li ( 1 7 ) . I n ­
creasing t h e  urine vo lume shou ld dilute the silica s o  that i t  po lymer ­
izes at a great ly r educed rate . 
B ai l ey ( 5 3 )  fed two diets , a bas a l  diet with a high percentage 
of n ative prairie hay and the s ame diet with 4% added s odium chloride 
( s a l t ) . In . the control group 13  ca lves of 14 were found to have cal ­
culi whi l e  no ca lves in the sa l t  supp lemented group had c a l cu li . 
Urine output o f  s a l t  supp l emented animals vs cont ro l s  a lmos t doub led 
and urine Si02 concentration was
 ha lved . Feeding a p a l at ab le sup­
p l ement containing bar l ey ,  rapes eed oil mea l  and s a l t  l eve l s  of 1 6 , 2 0  
and 2 5 %  to groups of  ca lves grazing a shortgras s pas ture reduced ca l ­
cu li incid�nce to 2 1 , 2 0'and 20% of the incidence occurring in unsup� 
p l ement ed cont ro l s· .  The weights of c a l cu li · pres ent were much sma l ler  
in a l l  s a lt supp l ement ed t reatments . 
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In p revious experiments s a lt consumpt ion increas ed wate r  
int ake and urine f low .  Urine s i l ica was great ly di luted ·thus decreas ­
ing its po lym e rizat ion rate and reduc ing the numbe r  o f  anim a l s deve l ­
op ing s i l ic a  ca l cu l i .  B a i l ey ( 45 ) gave s teer ca lves addit iona l wat er 
by s tomach tub e  to increase urine output to a l eve l s im i l ar to that 
obt a ined from s a lt addit ions to the diet . The inc idence of c a l cu l i  in 
s t ee r  c a l ves was the s ame in both water supp l emented s t eers and con­
t ro l  s t eers . However , the mean c a l cu l i  weight o f  tho s e anim a l s  sup ­
p l ement ed w ith wate r  was on ly 2 1 . 2  m g  compared to t h e  1 14 mg f o r  con ­
tro ls . It was conc luded that feeding extra wat e r  cau s ed a di lut ion o f  
ur ine cons t ituents and decreas ed the rat e  o f  c a l cu l i  format ion . .S ince 
the wat er was s upp l ement ed on ly once a day , Bai l ey fe l t  that the ext r a 
wate r  may have b een r apidly removed and condit ions for c a l cu l i  fo rma ­
tion returned be fore another water infus ion was g iven . 
Ad l ib itum feeding o f  a bar ley and l ins eed mea l  s upp l ement 
with 2 0% s a l t  to steer ca lves grazing c a l cu logenic pas tures caus ed an 
increas e  in .wat e r  turnover/unit o f  body we ight ( BW ) ·82 ( 13 ) . Anima ls  
that had a h igh water turnover r ate a lways had a low inc idence of  ca l ­
cu l i . Whi l e  a great port ion o f  thos e anima ls  with a l ow wat er turn ­
over did have c a l cu l i ,  some did not . S a l t  supp l ementat ion does not 
change p l asma f low to the kidneys, but it does  inc reas e g l omeru l ar 
f i l t rat ion rate and sod ium excret ion ( 54 ) . There was no e f fect on 
s i l icic ac id exc ret ion or reabsorpt ion from the kidneys . 
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MATERIALS AND METHODS 
Introduct ion 
Forages w ith high s i l ica cont ents have been us ed to p roduce 
ca l cu l i  in sheep ( 22 )  and catt l e  ( 1 3 , 2 1 )  exper iment s . Inorganic s i l i ­
cates have caus ed c a l cu l i  in dogs ( 7 , 8 ) and humans ( 9 ) ,  but these ino r ­
ganic  s i l ica sources a r e  not a s  c a l cu logenic for s heep and catt l e  
(11 , 5 5 , 5 6 ) . Tet raethy lorthos i l icate (TES ) h a s  b een u s ed t o  p roduce high 
ur ine s i l ica l eve l s  and s i l ica uro l iths in.rat s ( 11 , 26 , 5 7 )  and guinea 
p igs (10 ) . 
High concentrat ions o f  ur inary s i l ica were c it ed as be ing . nec ­
es s ary f o r  c a l cu l i  deve lopment , but other factors inc luding pH , e l ec ­
tro lyt es and high mo l ecu l ar we ight organic sub s tances may a f fect c a l cu l i  
format ion (17 , 19 , 5 7 ) . In addit ion , Nott le  and Arms t rong ( 30 )  pos tu l at ed 
that mul t iva l ent cat ions may cont ribut e to s i l ic a  uro l ithias is by de� 
s t ab i l izing s i l ica s o l s that may form in the ur ine . Rat diets contain ­
ing e l evat ed l eve l s  of  phosphorus and 2 %  TES were l es s  ca l cu l ogenic than 
comparab l e  rat diet s with lower phosphorus l eve l s  ( 26 ) . 
A s er ies o f  four experiments were conducted t o  det e rm ine the 
ef fects of var iat ions in dietary calcium ,  phosphorus and acid- or a lka ­
l i - forming e ffects on s i l ica urinary c a l cu l i  format ion . A mode l system 
us ing r at s  fed diets containing 2% TES , as descr ib ed by Emer i ck et a l  
(5 7 )  and Emer ick ( 26 )  was us ed in thes e s tudies . A f i fth expe r iment · 
that was conduct ed· in vit ro s tudied factors· inf luen.c ing s i l ica po lymer ­
izat ion . · 
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Animal s  and procedures . .In each o f  the four anim a l  exper iments 
1 2 0  ma l e  Sprague -Daw l ey rats  ( Sas co , Inc , Omaha , NE ) were· random ly a l ­
loted to d i f f er ent dietary t reatments . The r ats were hous ed individu ­
a l ly i n  hanging stain l e s s  s t ee l cages with wire mesh f loor s . The anima l  
room w a s  kept at 2 3 - 25 C and was l ight ed 1 2  hours / day ( 06 0 0  - 1 8 00  
hours ) .  D eionized water and diet were fed ad l ib itum . The r ats  were 
we ighed week ly and 4 8 -hour water intake was meas u r ed at 2 ,  4 and 6 
weeks . The rats were p l aced in stain l e s s  s t e e l  met abo l ism c ages at 3 , 
5 ,  and 7 weeks for 2 4 - hour ur ine co l l ect ions . The ur in e  was co l l ected 
in p las t ic tubes containing 1 ml of to luene as a pres e rvat ive . Urine pH 
was determined on fresh s amp le� with a comb inat ion g l as s  e l ect rode . 
Ur ine s amp l e s  were ana lyzed for ca l c ium ,  magnes ium , s i l ica and phospho ­
rus . B lood s amp l es were obtained by cardiac puncture f rom ether - an­
es thet ized r at s  at  the terminat ion of  the exper iment . The b lood s amp les 
wer e  p lac ed in hepar inized tubes and centr i fuged t o  s ep ar at e  the p l asma . 
The p lasma s amp l es . were s tored at - 25 C unt i l  ana lys is  for ca l c ium , 
phosphorus �nd magnes ium was comp leted . At term inat ion , kidneys from 
a l l  the rats were removed and we ighed in order to measure weight dif ­
ferences b etween the right and l e ft kidney o f  each r at . I n  p r evious 
exp e r iment s var iat ions in kidney s ize were somet ime s  obs e rved in TES - fed 
rats ( 5 7 ) . The b l adder and kidneys of  each rat were examined for the 
p r e s ence o f  c a l cu l i . The calcu l i  were c l eaned , a i r - d r ied and we ighed .  
The ca l cu l i were poo l ed by t reatment for ana �ys is . 
C a i c ium and magnes ium concentr at ions in ur ine and p l asma were 
det ermined by atom ic absorpt ion spectrophotometry ( Perkin- E lmer , Mode l 
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5 0 3 , Norwalk , CT) . P l asma arid ur ine s amp l es were d i luted in 0 . 5% l an ­
thanum s o lut ion to prevent phosphorus interference in the · magnes ium and 
c a l c ium ana lys es ( 5 8 ) . Urine s i l ica was measured by a s i l icomo lybdat e 
method ( 2 6 ) . U r in e  and p l asma phosphorus were det ermined us ing the 
F iske- Subbarow method ( 5 9 ) . S amp l es of  1 0  mg o f  powdered ca l cu l i  for 
each treatment were p l aced in p l at inum crucib les  p r ev ious ly c l eaned with 
mo l t en s odium carbonat e .  The s amp les were ashed over a buns en burner . 
Fo l low ing ashing , they were fus ed with 0 . 5  g o f  sodium carbonate ,  a l ­
l owed t o  coo l and dis s o lved w ith 1 0  m l  o f  water . S amp l es o f  e ach o f  the 
s o lutions wer e  ana lyzed for s i l ica us ing the urin e  s i l ica method . I f  
the s i l ica ana lyses fai l ed to �ccount for es s ent ia l l y  a l l  o f  the ash o f  
the ca l cu l i  a s  s i l ica , further ana lys es for c a l c ium , m agnes ium and 
phosphorus wer e  p e r formed on the c a l cu l i  ash s o lut ion fo l low ing acidi ­
f icat ion w ith HC l .  
S t at is t ic a l  ana lys is o f  a l l dat a except c a l cu l i  inc idence .was 
comp leted us ing S t at is t ical  Ana lys is System vers ion 8 2 . 4  ( SAS Inst itut e  
I nc . , C ary , .NC ) .  S t at ist ica l s igni f icance for ca l cu l i  inc idence was 
tes t ed us ing the chi square method ( 6 0 ) . For each r at the means of  the 
three wat er consumpt ions and var iab l es measured in the ur ine co l lect ions 
were us ed for s t at is t ical  ana lys is . 
Exper iment l · E f fect o f  dietary ca lcium carbonat e . S ix d i f ­
ferent dietary treatments were us ed i n  a 2 X 3 factor i a l  arrangement 
with two l eve l s  of TES ( B aker Chemica l Co . ,  Phi l l ipsburg , NJ ) , 0 and 2% ,  
and three l eve l s  o f  c a l c ium carbonate , 0 ,  1 and 2% . The s e  addit ions 
were made at the expens e of anhydrous dext ros e in the cont ro l diet . The 
percent ages of  phosphorus and cal cium in the cont ro l diets by ana lys is 
were 0 . 35 4  and 0 . 5 1 0% , respect ive ly . Addit ions of 1 and 2% c a l c ium 
ce�:rbonat e increas ed ca l c ium percentages in the diets to 0 . 9 1 and 1 . 3 1% ,  
respect ive ly . The s ix diets are shown in tab l e  1 .  
22 
For a l l paramet ers measured , except c a l cu l i  inc idence , the mod ­
e l  for the l east squares ana lys is of var iance cont a ined TES , c a l c ium 
carbonat e and TES X ca l c ium carbonate var iat ions . Treatment d i fferences 
within each TES leve l were found us ing least s ign i f icant d i f ferences 
when a s igni ficant inte ract ion was found in the ana lys is of var i ance . 
Exper iment � - E ffect of addit iona l diet ary phosphorus . In this 
exper iment , there were s ix treatment s o f  20 r ats each in a 2 X 3 facto ­
r i a l  arrangement wh ich contained 0 and 2% TES and 0 ,  0 . 68 and 1 . 3 6% 
added dietary phos phorus mix . The phosphorus mix cons i s t ed o f  equal 
mo les o f  d ibas i c  and monobas ic sodium phosphate . The p rot e in s ource 
us ed in the diets was autoc laved sprayed dr ied egg white which had ·a 
lower phosphorus cont ent than the cas e in prev ious ly us ed . Otherwis e , 
the bas a l  diet us ed was the s ame as in exper iment 1 .  The ·percent age of  
cal c ium and pho sphorus in the cont ro l diet was  0 . 5 1  and 0 . 3 1% ,  respec ­
tive ly .  Addit ions o f  the phosphorus mix increas ed the phospho rus pe r ­
centage of  the diet to 0 . 46 and 0 . 6 1% ,  respect iv e l y . The diets for ex ­
per iment 2 are s hown in t ab l e 2 .  
The mode l for the ana lys is of var iance us ed on the dat a from 
this exp e r iment cont ained
.
variances due to TES ,  phos phorus and TES X 
phosphorus . Treatment differences were found us ing l eas t s igni f icant 
di fferences when a s ign i f i cant int eract ion was found b� the ana lys is of  
vari ance .  
TAB L E  1 
D i e t  com po s i t i o n  
I n gred i e n t  
0 %  Ca C03 
Co n trol TES 
Dex tro s e , a n hyd ro u s  68 . 6  6 6 . 6  
Ca s e i n 2 0  2 0 
Co r n  o i  1 5 5 
Sa 1 ts m i x tu re 1 4 4 
V i tam i n m i x tu r e2 2 2 
Pho s p h o ru s mi x tu re3 0 . 40 0 . 40 
TES 0 2 
Ca l c i um ca r bo n a te 0 0 
fo r ex pe r i me n t  
1 %  Ca co3 
Co n tra 1 TES 
% 
67 . 6  6 5 . 6  








2 %  C a C 01 
Con tro l TES 
6 6 . 6  6 4 . 6  




0 . 4 0 0 . 4 0 
0 2 
2 2 
1 The prec e n t  c om po s i ti o n  o f  s a l t  m i x ture  ( Sa l t M i x tu re P - H , I CN 
N u tr i t i o n a l  B i o c h em i c a l s ,  Cl evel a n d , OH ) :  d i po ta s s i um p ho s p ha te , 
3 2 . 2 ;  ca l c i um ca r bo n a te , 3 Q . O ;  sod i um c h l o r i de , 1 6 . 7 ; ma g n e s i um 
s u l fa te . ( hyd ra te ) , 10 . 2 ; man ga n e s e  s u l fa te ,  0 . 5 1 ; c a l c i um p h o s .­
pha te e H 2o ,  7 . 5 ;  fe r r i c c i tra te , 2 . 75 ; po ta s s i um i od i d e ,  0 . 08 ;  · 
c o p pe r  s u l fa te , 0 . 03 ;  z i n c  chl o r i de , 0 . 0 2 5 ; c o ba l t c h l o r i d e , 
·o . 00 5 . An a d d i t i on a l 0 . 08 3 %  z i nc c h l o r i d e wa s m i xed w i t h  sa l t  
prem i x . 
2 V i tam i n  m i x tu re c om po s i t i on i n  g ram / k g  ( V i tam i n  d i e t fo r t i fi c a t i o n  
m i x tu re , I CN N u t r i t i o n a l  B i o c hem i ca l s ,  Cl eve l a n d , O H ) v i tam i n  A , 
4 . 5 ; v i tam i n D , 0 . 2 5 ; a l pha to co phero l , 5 0 0 ; a s c or b i c  a c i d , 45;  
i no s i to l , 5 . 0 ;  c h o l i ne c h l o r i d e , 7 5 ; men a d i o ne , 2 . 2 5 ; p-am i n o ­
be n zo i c  a c i d , 5 . 0 ;  n i a c i n ,  4 . 5 ; r i bo fl a v i n ,  1 . 0 ;  pyr i do x i n e ,  
hyd ro c h l o r i de , 1 . 0 ;  th i am i n e hyd ro c h l o r i de , 1 .0 ;  c a l c i um pa n to ­
the n a te ,- 3 . 0 ;  b i o t i n , 0 . 2 0 ;  fo l i c a c i d ,  0 . 90 ;  v i tam i n B 1 2 , 
0 .0 0 1 3 5 . · 
3 The p ho s p h o r u s m i x tu re co n s i s ted o f  a 1 : 1  mo l a r m i x tu re o f  d i ba s ­
i c  s o d i um p ho s ph a te a nd mono ba s i c  sod i um p ho s ph a te · H20 .  
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TABLE 2 
Die t  compo s i t ion for experiment 2 
0% p 0 . 68 %  p 1 . 36 %  p 
Ingredi en t  Con t ro l TES Contro l  TES Cont ro l TES 
% 
Dextros e ,  anhydrous 6 9  6 7  68 . 4 66 . 4  6 7 . 7 6 5 . 7  
Egg whi t e 1 2 0 2 0 2 0 2 0 2 0  2 0 
Sal ts mixture2 4 4 4 4 4 4 
Co rn oi l 5 5 · 5 5 5 5 
Vi tamin mixture 3 2 2 2 2 2 2 
Pho spho rus mixture4 o . oo o . oo 0 . 68 0 . 68 1 . 36 1 o 36 
TES 0 2 0 . 2 0 · 2 
� Sprayed dri e d  e gg wh i t e  was autoc l aved b e fore di et preparat ion . 
Same as in tab l e  1 ,  foo tnote 1 .  
3 Same as in tab l e 1 ,  foo tnote 2 .  
4 Same as in tab l e  1 ,  foo tnote 3 .  
TABLE 3 
Di e t  compo s i t ion fo r experimen t 3 1 
Na2 HP04 
NaH2P04 Na2HPO� +NaHC0.3 
In gre di en t Contro l  TES Con tro l TES Con t ro l TES 
% 
Dextros e , anhydrous 68 . 1  66 . 1  68 . 1  66 . 1  68 . 1  6 6 . 1  
Cas e in 2 0 20 20 2 0 2 0 2 0 
Corn o i l  5 5 5 5 5 5 
Sa l ts mixture2 4 4 4 4 4 4 
Vi tamin mixture 3 2 2 2 2 2 2 
NaH2 P04 • H2 0 0 . 9 2 0 . 9 2 0 0 0 0 
Na2HP04 0 0 0 . 95 0 . 95 0 . 95 0 . 9 5 
NaHC03 0 0 0 0 0 . 50 0 . 50 
TES 0 2 0 2 0 2 
1 Th e  s al t  add i t ions inc lude d 0 . 92 %  NaH2 P04 • H2 o ,  0 . 95 %  Na2HP04 
and 0 . 95 %  Na2 HP04 + 0 . 5 0 %  NaHC03 an d  in each of the s e  treatments 
2 0  rats were given TES and 2 0  were contro l s . 
· 
2 , 3 The vi tamin and s a l t  mixtures were the s ame as in t ab l e  1 .  
2 4 
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Exper iment � ·  E ffect o f  sodium bicarbonat e and phosphorus . In 
expe r iment 3 ,  r at s  were a l lotted to 6 groups o f  2 0 . rats each . The ex ­
periment was des igned w ith a 2 X 3 facto r i a l  arrangement w ith two l eve l s  
o f  TES and three dietary s a lt  addit ions expected to c aus e changes in 
ur ine pH . The s a lt  addit ions inc luded 0 . 9 2% monobas i c  s od ium phos ­
phat e . H2o ,  0 . 9 2% dibas ic sodium phosphat e and 0 . 9 2% d ibas i c  sodium 
phosphat e + 0 . 5 0% s odium bicarbonate . Except for the phos phorus l eve l , 
the b as a l  diet was the s ame as the one in exper iment 2 .  The percent age 
of both ca l c ium and phosphorus in a l l  diets was 0 . 5 1% .  The compos it ion 
of  the diets is shown in tab le 3 .  
A l l procedures des cr ib�d in the anima l s  and procedures s ect ion 
were us ed . I n  addit ion , the urine was ana lyzed for p rot e in cont ent and 
was added to s i l ica s o lut ions in vitro to det erm ine its  e f fect on s i l ica 
po lymer izat ion r at es . A modificat ion of the Fo l in - C ioc a l t eu as s ay was 
us ed for det erm in ing ur ine prote in ( 6 1 ) . F i fty m l  o f  2% s odium ca�bo ­
nat e in 0 . 1 N NaOH was mixed with 0 . 5 m l  of  1% coppe r  s u l f at e  and 0 . 5  m l  
of 2 %  sodium �pot a s s ium tartrat e . Three m l  of  this mixture and 0 . 1 0 m l  
of ur ine were put into 12  X 75  mm p l as t ic tubes with covers . The tubes 
were thorough ly m ixed by invert ing and shak ing s ev e r a l  t imes . After 15 
minut es 0 . 3  m l  of a d i l uted Fo l in re agent was added to e ach tube and the 
tubes were again mixed . After 45 min absorb ance was read us ing a wav ­
e l ength o f  7 5 0  nm . A bovine s erum a lbumin s t andard curve was es t ab �  
l ished with each s et o f  s amp les that were ana lyzed . 
The e ff e ct o f  urine on s i l ica po lym e r izat ion rate was det e r ­
mined b y  m ix ing equa l parts of  urine and a 1 2 0 0  ppm S i02 so lut ion 
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obt ained b y  ac id ( 0 . 0 0 1  N HC l )  hydro lys is  o f  TES . The TE S so lut ion was 
neut r a l ized to a pH of 6 . 8  with 0 . 1  N NaOH immediat ed ly before the urine 
and the TE S s o lut ions were mixed . A l iquot s were ana lyzed for  m�nos i l i ­
c i c  ac id a t  0 ,  2 ,  4 ,  6 and 8 hours . The . mo lybdat e r eact ive s i l ica de ­
terminat ion for monos i l ic ic acid differs from the t ot a l  s i l ic a  method 
re fer enced in the animal s  and procedures s ect ion by r ep l ac ing the 1 ml 
o f  1 . 25 N HF and 1 . 25 M A lC 1 3 w ith 2 ml of  di lut e HC l ( 7 0 ml con ­
centrat ed HC l / 1 ) . The methods of stat ist i c a l  ana lys i s  were the s ame as 
in exper iment 1 except that e f fects due to TES ,  s a l t  addit ions and TES X 
s a l t  addit ions were inc luded in the ana lys is o f  var iance mode l . 
Exper iment � ·  E f f ect o {  ammonium ch lor ide , phosphorus and . diam­
monium phosphat e .  Twenty - four rats were a l lotted to e ach o f  f ive d i ­
et ary treatments inc luding cont ro ls , 0 . 9 8% phosphorus mix , 0 . 75% ammo ­
nium ch lor ide , 0 . 7 5% ammonium ch loride + 0 . 9 8% phospho rus m ix and 0 . 9 2% 
diammonium phosphate .  The l ast  treatment gave the s ame numbe r  of  
equiva l ent s  o f  phosphorus and on ly a s l ight ly lower amount of  ammonium 
ion as compared to 0 . 7 5% ammonium ch loride p lus 0 . 9 8% phosphorus mix . 
The percent age o f  c a l c ium in a l l  diets was 0 . 5 1% .  The percentage of 
phosphorus in the nonsupp l ement ed phosphorus t r e atment s , the equa l mo l ar 
phosphorus m ix t reatments and the diammonium phosphat e t reatment were 
0 . 3 1 ,  0 . 5 1  and 0 . 5 2% ,  respective ly . The compos it ion of the f ive diet s 
is shown in t ab l e 4 .  
D i fferences in c a l cu l i  inc idence was .t e s t ed us ing the chi 
square procedur e . The data from the f irst four treatment s were ana lyzed 
us ing the general  l inear mode l procedure f rom SAS for a 2 X 2 f actoria l  
TAB LE 4 
Diet compo s ition for experiment 4 1 
NH4Cl + 
Ingredient Control PO� NH4Cl 
% 
P04 DAP 
Dextrose , anhydrous 6 7 . 00 66 . 02 66 . 25 65 . 2 7  66 . 08 
Egg white2 2 0  2 0  20  20  2 0  
Corn oi l 5 5 5 5 5 
Sal ts mixture3 4 4 4 4 4 
Vitamin mixture4 2 2 2 2 2 
TES 2 2 2 2 2 
.Pho sphorus mixtureS 0 0 . 98 0 0 . 98 0 
NH4Cl 0 0 o .  75 0 . 75 0 
(NH4 ) 2HP04 0 0 0 0 0 . 92 
1 Dietary sal t additions inc luded contro ls , 0 . 98%  pho sphorus mix ,  
0 .  75 % NH4Cl , 0 .  75 % NH4Cl + -0 . 9 8% phosphorus mix and 0 . 92 %  
diammon ium pho sphate (DAP) . 
2 Sprayed dried egg white was autoclaved . 
3 , 4 Sal ts an d  vitamin mixtures were the same as in tab l e  1 .  
5 Phosphorus mixture was the same as in tab le 2 .  
TABLE 5 
Composition of polymeriz ing solut ions in experimen t 5 
Stock St ock 
Sodium phosphate 600 ppm NaCl Phosphate 
ionic s trength monosi l icic acid solut ion 1 s o lut ion2 
N ml ml ml 
0 . 172 4  5 7  o . o  3 . 0  
0 . 0 8 6 2  5 7  1 . 5  1 . 5  
0 . 04 3 1  5 7  2 . 25 o .  75 
0 . 02 16 5 7  2 . 625 0 . 3 75 
o . oooo 5 7 3 . 0  o . o  
1 NaCl st ock solution was 3 . 45 N . 
2 One of  three stock · so lutions was us ed dependin g on the desired 
pH . 
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arrang�ment w ith var iat ion sources due t o  ammon ium ch l o r ide , phosphorus 
mix and ammon ium ch loride X phosphorus m ix . A s eparat e  one way ana lys is 
of var i ance for two independent t reatments was conducted for the diet ary 
t reatments supp l emented with ammonium ch lor ide + a phosphorus mix and 
d iammonium phos phate both of which provided the s ame amount s o f  d iet ary 
phosphorus and had the pot ent ial  for ur ine acidif icat ion . 
Exper iment � - In vitro s i l ic a  s tudies . The e f fect o f  five d i f ­
ferent concentr at ions of  the phosphate anion o n  the po lym e r izat ion rate 
o f  5 7 0  ppm s i l ic i c  ac id was stud ied at  three d i f ferent pH va lues . A 
const ant ionic s t rength of  0 . 1 7 24 equiva l ents / 1  was maint a ined in the 
varying phosphate concent r at ion so lut ions by addit ions of approp r iate 
amounts of a 3 . 45 N sodium ch loride so lut ion . The 6 0 0  ppm S i02 
so lut ion was produced by acid hydro lys is of  TES at pH 3 for a per iod o f  
24 hours . Stock so lut ions of pH 6 ,  7 and 8 phosphat e buf fe rs were pre ­
pared so that when they were di luted to 1 : 20 with a so lut ion o f  fresh ly 
hydro lyzed TES ,  a cons tant ionic strength of  0 . 1 7 24 N was obt a ined ( 6 2 ) . 
Concent rat ions in gm/ 1 0 0  m l  of the di lut ed monobas ic sodium phos ­
phat e . H2o and dibas ic s
odium phosphat e s a lts were as fo l lows : pH 
6 . 0 ,  0 . 2 7 4  o f  dibas ic sodium phosphat e and 1 . 5 84 o f  monob as ic sod ium 
phosphat e ; pH 7 . 0 , 0 . 6 8 1  of dibas i c  sodium phosphat e and 0 . 39 3  of mono ­
bas ic sodium phosphat e ; and pH 8 . 0 ,  0 . 80 0  of  dibas ic s odium phosphate 
and 0 . 046 o f  monobas ic s od ium phosphate . The pH 8 s o l�t ion requi red 
s l ight heat ing j us t  prior to mix ing with the s i l ic i c  acid s o lut ion to 
. dis so lve a l l so l ids . 
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F ive ionic  s t rengths o f  sodium phosphat e inc lud ing 0 . 1 7 24 , 
0 . 08 6 2 , 0 . 043 1 ,  0 . 0 2 1 6 and 0 . 0  N were s tudied at pH 6 ,  7 and 8 .  The 
mos t  concent rated ionic s t rength of  sodium phosphat e s o lut ions were 
prepared by di lut ing 1 ml o f  s tock phosphate so lut ion for the des ired pH 
with 1 9  m l  o f  pH 3 a c id hydro lyzed TES . The more di lut e s od ium phos ­
phate so lut ions were obt ained by rep l acing a port ion o f  the 1 m l  of  s o ­
dium phosphorus s o lut ion w ith an equa l part o f  t h e  3 . 45 N N aC l s o lut ion . 
Tab l e 5 contains the cont ent s o f  each o f  the react ion m ixtures us ed in 
this exper iment . A l l  react ions were conducted in g l as s  f l asks . When 
nece s s ary , s o lut ions were adj us ted to the cor rect pH w it h  d i lut e  NaOH or 
HC l at the s t art of each t r ia l . A l iquot s of  1 0 0  ul were p ipetted �rom 
each f l as k  at 0 ,  2 ,  4 and 6 hours for ana lys is o f  S i02 by us ing the · 
mo lybdat e - r eact ive s i l ica det erminat ion des cr ibed for exper iment 3 .  
I n  a cont inuat ion o f  this exper iment , the e ff e c t s  o f  phosphorus 
on precip itat ion of a po lys i l icic acid-protein comp l ex were s tudied .un ­
der condit ions invo lving var ious pH va lues at a con s t ant ionic s t r ength . 
A 6 0 0  ppm S i02 s o l ut ion obt ained by ac id hydro lys is o f  TE S was neu ­
t r a l ized to a pH o f  7 . 2  and the s i l ica was a l lowed to po lym e r ize over­
night . The s ame s tock so lut ions o f  sodium phosphat e and s od ium ch loride 
des c r ibed previous ly were us ed to obtain var ious phosphorus conc entra­
t ions and pH va lues whi l e  maint aining a cons t ant ionic s t r ength . The 
s ame react ion m ixtur es des cribed above were us ed , except that the 
fres h ly hydro lyzed TE S was subst itut ed with ag�d s i l ic i c  a c id . When 
.nece s s ary , pH of the s o lut ions was adj us t ed with di lut e  N aOH or HC l .  
Dup l icate 1 0  m l  a l iquot s of each of  the react ion m ixtures were 
mixed with 1 . 0  m l  o f  1% bovine s e rum a lbumin ( crys ta l ized and lypho l ­
ized , S igma Chemica l Co . ,  St . Louis , MO ) . The mixture was shaken and 
after 1 5  min turb idity was measured in a spectrophotometer ( Spect ronic 
88 , B aus ch and Lomb , Rochest e r , NY )  at a wave l ength of 440 nm . 
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RESULTS AND DISC USS I ON 
Exper iment .! . 'E f fect of dieta ry c a l c ium carbonat e .  D at a  ob ­
tained in expe r iment 1 are shown in tab l e  6 .  One rat in the 2% TES and 
1% C aC03 treatment died from a ur inary tract b lo ckage . Numbers o f  
rats w ith ca l cu l i  for treatments of  TES with 0 ,  1 and 2 %  added diet ary 
C aco3 were 7 ,  9 and 12 , r espect ive ly . The d i ffe r ences among thes e 
3 1  
three t reatment s were not s t at is t ical ly s igni ficant us ing the . chi square 
ana lys i s . However ,  corre l at ion ana lys is showed that there was a re l a ­
t ionship ( P<O . OS )  between l eve l o f  c a l c ium carbonat e i n  the diet and the 
inc idence of . ur inary ca lcu l i .  A l l  c a l cu l i  were s hown to b e  compos ed 
main l y  o f  S i02 except for the s ing le c a l culus obt a ined f rom a r at in 
the t r eatment fed 0% TES and 2% c a l c ium carbonate .  That ca l cu lus was 
determined to be p rimar ily magnes ium and phosphat e .  
Four and eight week we ights were depres s ed (P<0 . 0 1 )  7 . 0% and 
9 . 1% by TES , and an int eract ion ( P<0 . 0 1 )  between TES and ca l c ium carbo ­
nate was obs e rved . TES may have depres s ed weight gains due to some 
phys io logic a l  respons e  which decreas ed their appet ite or the TE S diet 
may have been l es s  p a l atab le . C a l c ium carbonate fed at 2% o f  the diet 
increas ed ( P<0 . 0 1 )  water consumpt ion by 4 m l / 24 hours over thos e rats 
fed no c a l c ium carbonat e .  TES increas ed ( P<0 . 0 1 )  urine vo lume to 20 . 1  
m l / day from 14 . 3  in the cont ro ls  indicat ing that absorbed TES or some 
met abo l ite of  it was act itig as a diuret ic . 
TAB LE 6 
Effect o f  increas ing l evel s of cal cium carbonat e 
variab les measured for e�eriment 1 1 , 2 , 3  
0 %  TES 
o% cc 1% cc 
Initial wei ght � 5 1 . 4  5 2 . 7  
4 wk wei ght ga , 2 18a 2 3 1b 
8 wk wei ght ga , b 3 34a 352b 
Wate r4 
intake ml /24 hrc 30 34 
Urine5 
Vo lume ml/ 24 hrCl 15 . 4  12 . 9  
pHC 6 . 54 7 . 34 
Si02 mg/dla 10 . 7  10 . 7  
Calcium mg/ dl a, b , c 14 . 4  39 . 3  
Magnesium mg/ dla , c 2 6 . 9  2 3 . 5  
Pho sphorus mg/ dla , c 2 18 1 12 
Bl oo d  p l asm&6 
Cal cium mg/ d1 10 . 2  10 . 3  
Magnes ium mg/ dl c 1 . 5 7  1 . 4 7 
Pho sphorus mg/ dlc 7 . 0 6 . 1 
Urinary cal cul i  7 
Incidence 0 / 2 0  0 / 2 0  
Air-dry wei ght mg 
Ash % 
Si02 % o f  ash 
2% cc . 
5 0 . 8  
2 2 2a 
336ab 
34 
14 . 7  
7 . 5 7  
8 . 7  
66 . 7 .  
2 2 . 2  
42 
10 . 2  
1 . 3 1  
6 . 1 
1/ 2 0  
4 . 1 
73 . 08 
o . o  
0 %  cc 




17 . 7  
6 . 5 5 
8 3 . 8 
8 . 7  
2 3 . 2  
159 
10 . 2  
1 . 5 2  
7 . 0  
7/ 20 
3 . 9  








2 0 . 5  
7 . 29 
5 8 . 0  
1 7 . 2  
16 . 0  
5 4  
10 . 3  
1 . 5 8  
6 . 4  
9 / 2 0  
3 . 5  
64 . 2  
104 
on 
2 %  cc 




2 2 . 2  
7 . 54 
5 9 . 5  
2 8 . 3 
14 . 4 
2 2  
10 . 4  
1 . 36 
5 . 5  
12 / 2 0  
9 . 4  
64 . 8  
106 
SE 
0 . 8  
4 . 0  
7 . 7 
1 . 5  
1 . 8  
0 . 05 
1 . 0  
2 . 7  
1 . 7 
12 . 8  
0 . 14 
0 . 04 
0 . 18 
1 Three leve ls of dietary caco3 , O%  (0% CC) ,  1% ( 1% CC) an d  2%  ( 2% CC) 
were us ed with ;�d without TES . 
2 Six treatments o f  20 rats each were use d ;  one rat in the 1% CaC03 
and 2% TES treatment died from a urinary tract ob struc t ion . 
3abc Means within the same TES treatment not sharin g a common super­
s cript di ffer by the method least s i gnifi cant di fferences 
(P<D . OS) . 
4 Water consumption values are the treatment means of three meas -
uremen ts Ira t .  
5 Urine data are averages from three urine co l l ections from each o f  
e i ght rats / treatment .  . 
6 Blood data were obtaine d  for ten rats/treatment . 
7 Calculi  were pooled by treatment for analysis • . 
8 Ash con tained 45 . 2% cal cium and 17. 3% phosphorus .  
a TES effect , ?<0 . 0 1 .  
b TES X Caco3 inter�ction , P<D . O l . c CaC03 effect , P<D . 0 1 .  
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Ur ine p H  w a s  increas ed ( P<q . O l )  from a mean o f  6 . 54 f o r  0 %  add ­
ed c a l c ium carbonat e to a mean o f  7 . 5 6 for 2% added c a l c ium carbonat e . 
The carbonat e anion read i ly neut r a l izes pos it ive hydrogen ions form ing a 
b icarbo�ate anion o r  carbonic acid which in turn can d i s s oc iat e into 
water and carbon d ioxide . This leaves the bas ic diva l ent c a l c ium ion 
s ome of which is r emoved by the kidneys impart ing an a lka l ine pH to the 
urine . Urine S i02 concentrat ion was great ly inc reas ed ( P<O . O l )  by 
the addit ion of TES . Ur ine c a l c ium , magnes ium and phos phorus concen ­
t rat ions were decreas ed ( P<O . O l )  due to the di lut ion e f fect o f  the in­
creas ed ur ine vo lume caused by TES .  Tota l  urine magnes ium and phospho ­
rus excret ion/ 24 hours were not dif ferent between the TES l eve l s . 
C a l c ium carbonat e �upp lementat ion incr eased ( P<O . 0 1 )  urine c a l c ium ·con ­
c ent rat ion , but there was a l s o  an interact ion ( P<O . O l )  between added 
diet ary c a l c ium c arbonate and TES on urine c a l c ium con cent rat ion . Urine 
magnes ium and phos phorus concent rat ions were lowe red ( P< O . O l )  by c a l c ium 
c arbonat e supp l emen� at ion . 
Ther� was no s igni f icant treatment e ffect on p lasma c a l c ium .  
However ,  both p l asma magnes ium and phosphorus concentr at ions were de ­
creas ed ( P<O . O l )  by addit ional dietary c a l c ium carbonat e .  C a l c ium car ­
bonate acts to decreas e s e rum and urine phosphorus by form ing inso lub l e 
c a l c ium phosphat e s a l t s  in the gut which lowers phosphorus absorpt ion 
( 63 ) . D ietary c a l c ium carbonate has also  been reported t o  l ower ab ­
sorpt ion of  magnes ium from the gut ( 6 3 ) . C a l c ium leve l s  in the ur ine 
were increas.ed due to the increas ed amount of c a l c ium avai l ab l e  for ab ­
s o rpt ion . The 0% c a l c ium carbonat e treatment t ended t o  have the h ighes t  
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ur ine � i02 l eve l , yet it was the t reatment with the least  number of  
ca l cu l i . Three var iab les , urine pH , ur ine phosphorus concent r at ion and 
urine c a l c ium concent rat ion , were changed by diet ary ca l c ium c arbonate 
additions and cou ld part ia l ly exp l a in the d i f ferences in the number of 
c a l cu l i  formed . A l l en and Mart i j evic ( 64 )  s a id that met a l  ions exchange 
with hydrogen ions on the surface of  a po lys i l icic ac id mo l ecu l e  neu ­
t ra l izing its charge . This  des t ab i l ized the po lys i l ic ic ac id s o l  and 
promot ed ge l ing and f loccu l at ion . I t  was a l s o  s t at ed that charge o f  the 
ion , s o lvat ion vo lume and po l ar izeab i l ity of the cat ion dete rm ines its 
e f f ect ivenes s as an exchangeab l e  ion . The diva l ent ca l c ium cat ion was 
shown to be read i ly exchanged w�th a hydrogen ion caus ing prec ip itat ion 
of s i l ica at a l ower norma l ity than did s odium ch lor ide ( 64 ) . However ,  
the concent rat ion o f  c a l c ium in ruminant ur ine is quit e s ma l l ,  making 
the ro l e  of ur ine c a l c ium in ruminant s i l ica uro l ithias is uncertain . 
C lark et a l  ( 6 5 , 6 6 )  found that co l loida l s i l ica part ic les form 
cros s l inkages with - prot eins s im i l ar to thos e formed in a t anning reac ­
t ion , or prot e ins and s i l i ca s o l s  can form l arge numbers of  hydrogen 
bonds and coprecipitat e . A l l ison ( 6 7 ) and I l er ( 6 8 ) f e l t  that hydrogen 
bonding was respons ib l e  for coprecipitat ion of wat er s o l ub l e  p rot eins 
and po lys i l icic ac id mo l e cu l es . Phosphorus concent r at ion has been shown 
to reduce the amount o f  urine prot ein that wi l l  prec ip it at e  w ith po ly­
s i l ic ic acid ( 5 0 ) . Higher ur inary phosphorus concent r at ions may have 
been an important factor in the lower c a l cu l i _ inc idence a s s o c i at ed with 
. the lower l eve ls o f  dietary calcium carbonate in this exp e r iment . In a 
s im i lar exper iment Emer ick ( 2 6 )  found that rats fed a cas e in diet sup -
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p l ement ed with a phos phorus m ix had · s igni f icant ly reduc ed ur inary cal ­
cu l i  inc idence versus cont ro l s . Non ionic compounds w ith an oxygen 
doub l e -bonded to nitrogen or phosphorus atoms have been shown to be in ­
hib itors o f  po lys i l i c ic ac id and prot ein coprecip itat ion ( 6 8 ) . A lthough 
the phosphat e anion is not a neutral  mo lecu l e , it s t i l l  has the phos ­
phorus atom doub l e  bonded to an oxygen atom so  that it might form st rong 
H bonds , prevent ing p rotein and s i l ica coprec ip it at ion . 
Richards on ( 5 1 )  has s hown that monos i l ic i c  ac id po lymer izat ion 
to a s o l  increas ed as pH was increased from a va lue o f  5 t o  9 .  Fur ­
thermore , B a i l ey ( 5 0 ) found that as the pH o f  po lys i l ic i c  ac id and pro­
t e in mixtures was increas ed fro� a va lue of 5 . 5 to 7 . 5 ,  the amount . of  
po lys i l icic ac id and ur ine prot ein coprecip itated was decreas ed .  How ­
ever ," additions o f  s a lt s  to increas e the ionic s t r ength o f  the so lut ion 
caus ed po lys i l i c i c  ac id and prote in to coprec ip itate at a pH of 7 . 5 .  
The increas ed pH and a subs equent increas e in s i l i c a  po lymer izat ion . may 
have been part of the reason for the increas ed incidence o f  s i l ica 
uro l ithias is as soc iated with s upp lementa l  di etary c a l c ium carbonat e in 
exper iment 1 .  
Expe r �ment � ·  E f fect of  addit iona l diet ary phosphat e .  The 
dat a for this exper iment are pres ent ed in t ab l e 7 .  Phos phorus addit ions 
had no s igni f ic ant e f fect on s i l ica ur inary calcu l i  inc idence . Weight 
ga ins were decreas ed ( P<O . O l )  by TES , and there was an int eract ion 
( P<O . O l )  between dietary TES and phosphorus addit ions on 4 and 8 wk 
we ight s . W ith no TES in the diet , diet ary phosphorus decreas ed ( P<0 . 05 )  
TABLE 7 
Effect of increas ing leve l s  of a di etary phos�horus mix 1 
on variab l es measured for experiment 22 . 3 , 4 
0% TES 2% TES 
0 p 0 . 7  p 1 . 4· p 0 p 0 . 7  p 1 . 4  p 
Ini tial wei ght § 49 . 9  49 . 6  49 . 3  49 . 5  4 9 . 6  50 . 0  
4 wk wei ght g/i• 2 11a 2 02 a 195b 1 8s a 19 7b 198b 
8 wk wei ght ga, b - 336a 32sab 3 12b 2 95 a 3 1 1 ab  32 3b 
Waters 
intake ml / 2 4  h� , c 30 32 30 32 3 3  35 
Urine6 
Vo lume ml/ 24 hra, c 2 0 . 4  18 . 0  19 . 8  24 . 3  2 3 . 7 25 . 8  
pHd 7 . 6 3  7 . 40 7 . 2 1  7 . 5 7  7 . 32 7 . 22 
S iOz mg/dla 3 . 2  4 . 8  5 . 3  5 2 . 9  5 5 . 9  59 . 1  
Cal cium mg/ dla , b , d 3 3 . oa 2 1 . 5h 1 3 . 1c 1 8 . 2a 1 1 . 8b 1 1 . Rc 
Magnes ium mg/ dl a , d 2 7 . 6  2 6 . 5  20 . 6  22 . 2  20 . 6  1 7 . 3 
Phosphortis mg/dl a , d 32 12 3 2 10 25 94 1 7 1 
B lood p l asma7 
Calcium mg/ dl 9 . 8  9 . 9  9 . 9  10 . 1  10 . 2  9 . 7 
Magnes ium mg/ dl 1 . 6 1  1 . 58 1 . 63 1 . 60 1 . 68 1 . 6 1  
PhosphoTUS mg/ dld , c  6 . 42a 7 . osb 8 . 0 lc 6 . 47a 7 . 77b 7 . 62b 
Urinary cal cul i8 
Incidence 0/ 20 0/ 20 0/ 20 10/ 2 0  1/ 2 0  10/ 2 0  
Air-dry we i ght IIig 15 . 5  9 . 3  12 . 1 
Ash % 66 . 0  70 . 5  68 . 8  
Si02 % of · ash 10 1 1 10 106 
SE 
1 . 1 
3 . 4 
6 . 8  
1 . 0  
1 . 7 
0 . 04 
2 . 4 
2 . 3  
1 . 7 
6 . 6  
0 . 18 
0 . 06 
0 . 2 0 
1 Pho sphorus mix consists of equal  moles of dibas i c  sodium phosphate 
and monobasi c  sodium phosphate • H20 .  2 Each gro up  of rats rece ived one of three leve ls of  added dietary 
phospho rus mix, 0% (0 P ) , 0 . 68% (0 . 7 P ) and 1 . 36% ( 1 . 4  P ) wi th. and 
without 2 %  TES . 
3 Initial ly , 20  rats/treatment .  One rat in the h i gh phosphorus and 
2% TES diet di ed from causes unre l ated to the experiment . 
4abc See tab l e  6 , footnote 3 .  
5 See tab l e  6 .  footnote 4 .  
6 See tab l e  6 ,  footnote 5 .  
7 See tab l e  6 ,  footnot e · 6 .  · 
8 Cal cul i were pool ed by treatment for analys is . 
a TES effect , P4l. O l . 
b TES X Phosphorus interaction , P<n . O l .  
c TES X Phosphorus in teraction , P<o . 05 .  
d Pho spho rus effect , P<O . O l .  
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weight gains . However , . when added to the diets containing TES , phos ­
phorus tended to overcome the weight - gain depress ing e f fe ct · o f  TES .  TES 
increas ed ( P<O . O l )  water int ake and urine vo lume . I n  addit ion , there 
was an int e ract ion ( P< 0 . 0 1 )  b etween TES and addit ion a l  dietary phospho ­
rus on wat e r  int ake . 
D ietary phosphorus addit ions decreas ed urine pH from a mean o f  
7 . 6  t o  7 . 22 f o r  the 0 and 1 . 3 6% added phosphorus m ix . A great er amount 
o f  the phosphat e  ion is in the dibas ic form in the body o f  a r at s ince 
it mainta ins a b lood pH higher than the s econd phosphate pK va lue in 
p lasma . Abs orpt ion o f  the equa l mo l ar mixture of  mono - and dibas ic s o ­
d ium phosphates shou ld a f f ect the ac id -bas e equi l ib r ium o f  the rat , and 
excret ion o f  the ext ra acid wou ld be expect ed to have an e f f ect on ur ine 
pH in rats  that are otherw i s e  excret ing an a lka l ine ur ine . D ietary 
phosphorus addit ions decreas ed ( P<0 . 0 1 )  ur ine cal c ium and magnes ium 
concentrat ions f rom 25 . 6  and 24 . 9  mg/ d l  to 1 2 . 4  and 1 8 . 9  mg/ d l , respec ­
t ive ly , and it increas ed ( P<O . O l )  phosphorus concent r at ion from 2 8 . 0  to 
1 9 0  mg/ d l . TES decreas ed ( P<0 . 0 1 )  ur ine ca l c ium ,  magnes ium and phos ­
phorus l eve l s  due to an increas ed urine vo lume . There was no s ignif i ­
cant e ffect of TES on tot a l  excret ion of  ca l c ium ,  magnes ium and phos ­
phorus in ur ine . 
B lood p l asma phosphorus was increas ed ( P> 0 . 0 1 )  due to dietary 
phosphorus supp l ement at ion . Ne ither p l asma calcium nor magnes ium were 
a f f ect ed by any o f  the t reatment s . 
In this exper iment increas ing phosphorus m ix l eve l s  in the diet 
did not decreas e s i l ica uro l ithias is which contras t s  w ith the res u lts of 
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Emerick ( 2 6 ) . He found that supp l ement ing the diet with an equa l mo l ar · 
mix o f  monobas ic and dibas ic sodium phosphat e  great l y  reduced s i l ica 
uro l ithi as is . I n  both exper iment s supp l ement ing the diet w ith a phos ­
phorus m ix decreas ed ur ine ca lc ium and increas ed urine phosphorus con­
cent rat ions . However ,  the prot ein source for the diet in which phos ­
phorus prevent ed s i l ica uro l ithias is was cas e in and gave a mean urine pH 
o f  6 . 54 whi l e  the ur ine pH o f  rat s  fed the egg whit e diet in exper iment 
2 ranged f rom 7 . 22 to 7 . 5 7 . I n  vit ro s i l ica po lyme r izat ion has been 
reported to inc reas e as pH was increas ed w ithin a r ange o f  6 to 8 ( 5 1 ) . 
Thus , the variat ion in ur ine pH from 6 . 5 4 to 7 . 5 7  b etween rats fed two 
types o f  diets may have been a factor cont r ibut ing to the cont ras t ing 
results . 
I le r  ( 6 8 )  ment ioned that mo l ecu les with mu l t ip l e  negat ive 
charges do not form s t rdng hydrogen bonds . At a pH above 7 . 22 many of 
the phosphate anions wi l l  have two negat ive charges s ince this pH is 
we l l  above the s econd pK va lue for sodium phosphate .  This shou ld de ­
creas e the ab i l ity o f  the phosphat e anion to form hydrogen bonds . At a 
ur ine pH o f  6 . 54 which is near the s econd pK o f  sodium phosphat e in the 
urine , phosphate ions with a s ing le negat ive charge w i l l  be pres ent and 
may be ab l e  to form hydrogen bonds with po lys i 1 icic ac id and prot e ins 
inhibit ing po lys i l ic ic acid and urinary prot ein cop r e c ip i t at ion . 
Experiment � ·  E f fect o f  dietary sodium b icarbonat e and phos ­
phorus suppl ement s . In experiment 3 ,  0 . 9 2% o f  monobas ic s od ium phos ­
phat e , 0 . 95% o f . dibas ic sodium phosphate and 0 . 9 5% of  d ib as ic s odium 
39 
phosphat e + 0 . 5% sod ium b icarbonat e. we re fed to tes t the e f fect s o f  
ur ine p H  o n  s i l ica uro l ithias is . The data for exper iment 3 are shown in 
t ab l e  8 .  D ietary addit ions o f  the ac idic monobas ic s odium phosphat e 
s a lt prevent ed format ion o f  ca lcu l i  ( P<0 . 05 )  compared to the dibas ic 
sodium phosphat e and the d ibas ic sod ium phosphat e p lus 0 . 5% s odium b i ­
carbonat e t reatments which had three and four inc idences o f  s i l ica ca l ­
cu l i  in the respect ive t r e atments . 
The four week and eight week we ights were decr e as ed from 224 
and 3 5 3  to 2 14 and 3 29 , r espect ive ly , by TES ( P<0 . 0 1 ) . Wat e r  cons ump ­
t ion was increas ed ( P<0 . 05 )  as the type o f  supp l ement a l  phosphorus was 
made more a lka l ine . Feeding 2% _TES lowered ( P<0 . 05 )  water consumpt ion 
from 33 to 3 1  m l / 24 hours . Whi l e  this is a re l at iv e l y  s ma l l  decreas e ,  
it cont ras t s  with an increas e in water cons umpt ion att r ibut ed t o  TES in 
exper iments 1 and 2 .  D i f f erences in ur ine vo lume , 1 8 . 4  vs 2 0 . 9  m l / 24 
hours , att r ibut ed to feeding 2% TES were not s igni f icant . 
Ur ine pH was a�fect ed by TES and s a lt addit ions and a TES X 
s a lt type int e ract ion occurred ( P<0 . 0 1 ) . As the type o f  s a l t  added to 
the diet became more bas ic , ur ine pH increas ed ( P<0 . 0 1 ) . C a l c ium con ­
cent rat ion in the ur ine was s igni ficant ly e f fected by TES and s a lt  ad­
dit ions and a TES X s a lt  interact ion occurred ( P <0 . 0 1 ) . However ,  tot a l  
ur ine c a l c ium excreted was on ly affected by TES ( P< 0 . 0 1 ) . The decreas e 
in tot a l  ur ine c a l c ium excret ion by rats fed a diet w it h  2% o f  TES was 
not pres ent in e ither of the other two exper iments .  Fo r urine magnes ium 
concent r at ion , a TES e f fect arid a TES X s a l t  type int e r act ion were s ig ­
nificant ( P<0 . 0 1 ) . TES and s a l t  addit ions af fect ed tot a l  magnes ium ex -
TAB LE 8 
Effect and so dium b icarbonat e of dietary sodium phosphate 
on variabl es meas ured for e�eriment 3 1 , 2 , 3 
Initial wei ght g 
4 wk wei ght ga 
8 wk wei ght ga 
Water4 
intake ml /24 hrb , c  
Urine5 
Volume ml / 2 4  hr 
pHa , d , e 
Si02 mg/ dl a,  f 
Cal cium mg/dl a, d, e 
Magnesium mg/dla , f  
Phosphorus mg/ d1 a 
Protein mg/ dl a , e 
· Blood plasma6 
Cal cium mg/dl 
Magnesium mg/ d1d , e  
Phosphorus mg/ dl 
Urinary cal cul i 7 
Inciden ce 
Air-dry we ight mg 
Ash % 
Si02 % of ash 
0% TES 
M D 
5 0 . 0  49 . 8  
220 2 2 7  
346 362 
30 34 
15 . 6  1 7 . 8 
6 . 3oa 6 . 74b 
9 . 7  8 . 4  
1 1 . 4a 8 . 6b 
14 . 9  13 . 0  
32 1 2 95 
65 2 a 556ab 
10 . 0  9 . 9  
1 . 4 8 1 . 19 
6 . 80 6 . 76 
0/20  0/20  
2 %  TES 
B M D B 
5 0 . 2  49 . 5  49 . 5  5 0 . 0  
2 2 7  2 1 1  2 1 1  2 19 
35 2 322  32 4 34 1 
36 31 30 32 
2 1 . 9  20 . 4  2 1 . 5  20 . 8  
7 . 16C 6 . 5 3a 6 . 82b 7 . 1 1C 
7 . 4  49 . 9 a  5 7 . 6b 6 2 . 2b 
6 . 4C 5 . 7  5 . 0 5 . 6  
12 . 4  9 . 3a 10 . 3ab 1 1 . 9b 
2 6 1  20 1 2 0 8  2 40 
4 7 1b 34 2 35 8 424 
10 . 2  9 . 7  10 . 0 10 . o  
1 . 43 1 . 36 1 . 33 1 . 2 7 
6 • . 8o 6 . 15 6 . 64 6 . 89 
0 / 20 0/20  3/20 4 / 2 0  
3 . 0  0 . 3  
5 2  5 2  
8 6  86  
SE 
1 . 0  
4 . 7 
9 . 1  
1 . 3 
1 . 6 
0 . 03 
2 . 7  
0 . 7  
0 . 9 
34 
3 . 9 
0 . 1  
0 . 04 
0 . 16 
1 Twenty rats / treatment .  
2 Treatments consisted o f  di etary additions of 0 . 92 %  monob as i c  sodium 
pho sphate • H2o (M) , 0 . 95 %  diba5 ic sodium phosph ate ( D) an d  0 . 9 5 %  di ­
b as ic so di um  phosphate + 0 . 5 %  sodium b icarbonat e  ( B) each with and 
githout 2%  TES . 3a c See tab l e  6 ,  footnote 3 .  4 See tab l e  6 , footnote 4 .  
5 See tab l e  6 ,  footnote 5 .  
6 See tab l e  6 ,  footnot e 6 .  
1 Cal cul i from bo th treatments were poo led for analysis . 
a TES effect , P<O . O l .  
b TES e ffe ct , P<0 . 0 5 .  
c Sal t  e ffect , ?<0 . 05 . 
d Sal t e ffect ; P<O . o  1 .  
e TES X sal t  interaction ,  �0 . 0 1 .  
f TE S  X salt interact ion , P<O . OS .  
4 0  
cret ion · ( P<O . OS ) . Ur ine phosphorus . concentrat ion was decreas ed from 
6 . 7 9 to 6 . 5 6 mg/ dl  by TES (P<0 . 0 1 ) , and tot a l  ur ine phosphorus excreted 
w as af fected by TES ( P<0 . 0 1 )  and the type o f  s a l t  ( P<O . OS ) . Urin e  pro ­
t e in concent r at ion was af fect ed ( P<O . O l )  by TES and a TE S X s a lt int er ­
act ion occurred ( P<0 . 0 1 ) . 
B lood p l asma magnes ium was af fect ed by the typ e  o f  s a lt and a 
TES X s a lt int eract ion occurred . Neither p l asma c a l c ium nor phosphorus 
were a f f ect ed by TE S or the type of phosphat e s a l t . I ndividua l treat ­
ment r e s u l t s  cont r ibut ing to the interact ion are s hown in t ab l e  8 .  
Ne ither p l asma c a l c ium nor phosphorus were a f f ected by TES o r  the type 
of phos phat e s a l t . 
4 1  
I n  t ab le 9 the means o f  mo lybdate react ive s i l ic a  for each 
t r e atment f rom the s econd in vitro part of exp e r iment 3 are shown . As 
t ime increas ed after  fresh ac id -hydro lyzed TES was added to r at ur ine , 
mo lybdat e react ive s i l ica decreas ed . This e f fect was mod i f i ed by ur ine 
pH . Mo lybdat e r eac�ive s i l ica decreas ed more rap id ly in the pres ence o f  
an a lka l ine u� ine ( pH o f  7 . 1 3 )  from rats o n  t h e  dib as ic s odium phosphate 
+ s odium b icarbonat e treatment as compared to the more ac idic ur ine 
p roduced by rats fed the monobas ic sodium phosphate .  S t a t i s t ical  ana l ­
ys is for this in v it ro s tudy conducted in conj unct ion w ith experiment 3 
is shown in t ab l e 1 0 . 
A r egres s ion equat ion to calcu l at e  mo lybdat e react ive s i l ica 
us ing various ur ine var iab l es measured in exp e r iment 3 was c a l cu l at ed . 
The var i ab l es inc luded in the equat ion w ith the highes t  R squared va lue 
· were ur ine phosphor�s concent rat ion , t ime aft �r urine and mo lybdat e re -
TABLE 9 
Effect o f  urine from rats in experiment 3 on mo lybdate reactive 
s il ica disappearance from a solut ion of equal parts urine 
and 1200 EEm Sio2 1 � 2 � 3 , 4 
Time Urine Urine 
Treatment 0 2 4 6 8 Eho sEhorus EH 
Mo l ybdate reactive Si02 (ppm) mg/ dl 
O% TES 
0 . 92 %  NaH2 P04 • H20 . 5 95 500 4 6 1  4 38 4 15 30 8 6 .  34 
0 . 95 %  Na2HP04 592 4 18 362 3 36 3 1 2  2 8 4  6 . 77 
0 . 95 %  Na2HP04 + 5 85 . 340 286 262  242  2 5 2  7 . 14 
0 . 50% NaHC03 
2 %  TES 
0 . 92% NaH2 P04 • H20 652 38 1 319  284 2 6 1 18 8 6 . 56 
0 . 95% Na2HP04 659 3 15 242 2 2 3 2 10 198 6 . 84 
0 . 95 %  Na2HP04 + 608 267 2 25 2 14 2 0 1 226  7 . 12 
0 . 50 %  NaHC0 3 
1 Equal parts o f  a fresh � acid-hydro lyz ed TES solution with 12 0 0  ppm 
Si02 was mixed .with an equal amotmt of rat urine an d  samp l es were 
removed at 2 hour intervals for mo lybdate s i l i ca analys is .  
2 A re gre ss ion analys is is shown in tab l e  10 . 
3 Data was . the mean from two urine co l lections with s ix rats in 
the first co l l ection and eight rats in the s econd. 
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TABLE 10 
A l is t  o f  variab l es that gives the b es t  regres s i on 
equation for predi ctin g  �o lybdat7 reactiv� s i l i c a  








Intercept = 9 1 1 . 2  
Regre s s ion 
Coe ffi c i en t  
0 . 2944 
�0 . 1 132 X102 
-0 . 19 8 1X10 
o .  30 76Xlo9 
0 . 150 8  
0 . 4876 
R2 = 0 .  8422S a 
1 Th i s  re gre s s i on was obtained us ing the SAS procedure 
Leaps . 
2 Variab l e s  that gave the b e s t  regres s ion equati on for 
pre di ct in g  mo lybdat e  reactive s i l i ca dis appe aran ce 
inc luded urine phosphorus (Pho s ) , time in hours after 
s i l ic a  s o l ut ion and rat urine were mixed ( Time ) , t ime 
cubed o f  .the previous time (Time 3 ) , time after rat 
urin e  and s i l i ca were mixed rais ed to the fourth pow­
er . ( Time4 ) ,  the hydrogen ion concentrat ion (H+ ) an d  
the s t art in g  mo lyb date re act ive s i li ca concen tration 
in the mixture (Start ) . 
a Leve l o f  s ign i fi cance , P<O . os . 
. 4 3  
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act ive s i l ica were mixed together , � ime cub ed , t ime rais ed to the fourth 
power , urine hydrogen ion concent rat ion and mo lybdat e r e act ive s i l ica at 
0 hours . Factors pos it ive ly re l at ed to mo l ybdate react ive s i l ic a  con­
c entr at ion were s i l ica concentrat ion at 0 hours , urine phosphorus con­
cent rat ion , ur ine hydrogen ion concentrat ion and t ime after hydro lyzed 
TES was added to ur ine raised to the fourth power . The factors with 
negat ive corre l at ion coe f f ic ients were t ime and t ime cubed . 
I t  was indicat ed in the resu lts and dis cus s ion for exper iment 1 
that an increas e in urine pH was as s oc iat ed with increas ed inc idence o f  
s i l ic a  ur inary c a l cu l i . This  was s aid to b e  probab ly due to the e ffect 
pH had on monos i l icic acid po lymer izat ion ( 5 1 )  and to the e ffect pH may 
have had on the capac ity of the phosphat e ion to inh ib it po lys i l icic 
ac id and prot ein coprecipit at ion ( 6 8 ) . Furthe rmo r e , it was s t at ed in 
the resul t s  and dis cus s ion for experiment 2 that the phosphat e  anion may 
inhib it s i l ica and prot e in coprecip it at ion at a pH o f  6 . 5 4 ,  thereby de ­
creas ing the amount � f  ca l cu logenic mater i a l  formed . I n  this experiment 
it was found �hat decreas ing ur ine pH prevented ca l cu l i  f rom form ing , 
but a high phos phorus l eve l was used in a l l  of the exper iment a l  diets so  
it  cou ld not be determ ined whethe r it was  one o f  thes e e f fect s a l one or 
an int eract ion o f  an acidic pH with an e l evat ed ur inary phosphorus con ­
cent rat ion that prevented the format ion o f  ca l cu l i . 
The s t at is t ica l  ana lys is of  the in vit ro s i l ica po lymer izat ion 
exper iment invo lving s o lut ions containing r at ur ine indicat ed that a 
more ac id urine pH and an increas e in ur ine phos phorus concent rat ion 
both reduced the rat e  o f  s i l ica po lymerizat ion . This support s the hy -
pothes is t hat the e f fects of  an ac i.d pH and e l evat ed ur ine phosphorus 
concent rat ions both contr ibut ed to reduct ions in s i l i ca uro l ithias is 
obs erved in this rat expe r iment . 
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Exper im ent � ·  E f fect of ammonium ch loride , phosphorus and di ­
ammonium phosphat e . I n  exper iment 4 dietary s a l t  addit ions expected to 
cont r ibute to var iat ions in ur inary pH and phosphorus were f ed to de ­
t e rm ine i f  an interact ion between ur ine pH and phosphorus a f fect ed s i l ­
ica uro l ithias i s  in rats . In addit ion to a cont ro l ( C ) , other treat ­
ments inc luded an equa l mo l ar mix of  mono - · and dib as i c  phosphat es ( P ) , 
ammonium ch loride ( AC ) , a comb inat ion of  AC + P ,  and d iammonium phos ­
phate ( DAP ) to p rovide ammonium .and phos phat e equ ive l ants equal to . that 
p rovided by the AC + P comb inat ion . Dat a  for this exp e r iment are pre­
s ented in t ab l e  1 1 . With 24 rats /treatment , ther e  we re e l even rats with 
ca l cu l i  in the cont ro l s  and 1 c a l cu l i  in the P t re atment . There were no 
c a l cu l i  in any o f  the AC t reatments . However , there were three rats 
with ur inary ca l cu l i  pres ent in the DAP tre atment . The d i ff e rence be­
tween the numbe r  o f  rats with calcu l i  in the .cont ro l t r e atments and the 
res t of the t re atments was s ig�i f icant ( P<O . OS ) . The d i f fer ence between 
the number of  c a l cu l i  in the DAP treatment and a l l  oth e r  t r eatments be ­
s ides cont ro ls was not s igni f ic ant . There was no e ffect o f  any o f  the 
t r e atment s on weight gains . Phosphorus increas ed wat er intake from a 
mean o f  34 to 3 6  m l . However , there were no s igni f icant d i f ferences in 
ur ine vo lume between the treatments . 
TABLE 1 1  
Effect of sodium phosphate , ammonium chloride and di ammonium 
EhosEhate on variables measured for e!Eeriment 4 1 , 2 , 3 
c p AC AC+ P  DAP SE 
Initial wei ght g 5 2 . 9  5 2 . 9  5 2 . 2  5 2 . 9  5 2 . 7  1 . 0  
4 wk we i ght g 202 203 203 2 02 2 0 7  4 . 1 
8 wk wei ght g 296 2 96 294 2 95 30 3 6 . 5  
Water4 
intake ml / 2 4  h� 34 35 33 39 36 1 . 5  
Urine5 
Vo lume ml/ 24 hr 19 . 9  19 . 8  . 19 . 6  2 1 . 8  2 3 . 8  1 . 4  
pHa , b , c , d  7 . 45 7 . 0 7 6 . 5 2 6 . 4 1  6 . 66 0 . 0 3 
Sio2 mg/ dl 55 . 4  5 9 . 1 60 . 0  54 . 4  54 . 2  3 . 5  
Calcium mg/ dla, d  2 1 . 0  1 1 . 0  19 . 1  13 . 9  1 1 . 2  1 . 2 4 
Magne s i um  mg/dl a 25 . 2  2 3 . 2 2 6 . 2  2 1 . 0  19 . 6 1 . 3 
Pho sphorus mg/ dl a 4 1  170 5 2  164 15 1 6 . 9  
Blood plasma6 
Calcium mg/ dl 10 . 7  10 . 8  10 . 8  10 . 4  10 . 5  0 . 37 " 
Magne s ium mg/ dld 1 . 66 1 . 78 1 . 65 1 . 52 1 . 70 0 . 15 
Phosphorus mg/ dla 7 . 86 8 . 4 1  7 . 2 7  8 . 5 0  8 . 5 9 0 . 25 
Urinary cal cul i 7 
Incidence 1 1/ 24 1/24 0/24 0/24 3/24 
Air-dry we i ght g 7 . 9  16 . 1  1 . 6 
Ash % 66 . 8  85 . 5  5 8 . 3  
S i02 % o f  ash 106 8 1  1 13 
1 Treatments consisted o f  the fo l lowin g addi tions to the diets : con­
tro l (C) , 0 . 9 8% phosphorus mix cons ist in g · o f  equal mo les o f  NaH2 P04 
· H20 and Na2 HP04 ( P ) , 0 . 75 %  ammonium chl oride (AC) , 0 . 75 % ammon i� 
chl oride p lus 0 . 9 8% phosphorus mix (AC+ P )  and 0 . 92 %  diammonium 
phosphate . 
2 Initially, 24 rats/treatment . One rat in the control treatment 
died from a urinary tract b lockage . 
3 Statistical analys is of the four treatments with ammonium chl oride 
and/or the phosphorus mix and the contro l was compl eted wi th . a 
2 X 2 factorial analysis of variance . Th e  AC+P and the DAP treat­
ments were analyzed with a one-way analysis o f  variance . 
4 See tabl e  6 ,  footnot e 4 .  
5 See tab le 6 ,  footnote 5 .  6 Sam� as tab le 6 , footnot e 6 except that ten rats were us ed. 
7 Calcul i were poo led by t reatment for analysis . 
a Phosphorus e ffect , P<O . O l .  
b Ammonium chl oride e ffect , P<D . O l .  
c Ammonium chl oride . X phosphorus interaction , P<D . O l .  
d Ammonium chl oride plus phosphorus and diammonium phosphate 
treatments differed,  P<D . O l .  
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Both phosphorus and ammonium ch loride add itions lowered 
( P< O . O l )  ur ine pH . A comb inat ion o f  the two , i .  e . �  AC+P had on ly a 
s l ight ly great e r  e f fect on ur ine pH than did AC a lone . Urine pH for the 
DAP t r eatment was higher ( P<O . OS )  than that o f  the AC+P t reatment . 
Ur ine ca l c ium and magnes ium concent rat ions were decr eas ed ( P< O . O l )  from 
20 . 0  and 25 . 7  to 12 . 4  and 22 . 1  mg/ d l , respect ive ly , and ave r age ur ine 
phos phorus was increas ed ( P<O . O l )  from 46 tb 1 6 7  mg/d l  by dietary addi ­
t ions o f  the phosphorus mix . Ur ine calcium concent r at ion was decreas ed 
( P<O . O l )  from 1 3 . 9  mg/ dl  for rats fed ammonium ch l oride and phosphorus 
to 1 1 . 2  mg/d l  for rats �ed DAP . 
P l asma phosphorus conce�t rat ion was increas ed ( P <O . O l )  by di ­
etary addit ions o f  the equa l mo l ar phosphorus mix . Supp l ement ing DAP 
at a l eve l of 0 . 9 2% of the diet , increas ed ( P<O . O l )  p l asma magnes ium 
when compared with the s eparat e  addit ions of ammonium chlor ide and the 
equa l mo l ar phosphorus mix . 
Ur ine pH was highest in the cont ro l treatment , and this treat ­
ment a l s o  had. the highest ca l cu l i  incidence . Ammon ium chlor ide de ­
creas ed pH and the inc idence of  calcu l i  when compared t o  the cont ro l s . 
I t  can be conc luded that an acidic pH may inhibit c a l cu l i  format ion due 
to decreas ed s i l ica po lymer izat ion s ince the ur ine phosphorus was low in 
both treatments and shou ld have had l itt le e ffect on po lys i l ic ic acid 
and prot e in coprecip it at ion as compared to t reatments s upp l ement ed with 
addit iona l phosphorus . A pos s ib l e ef fect of  phosphorus in p revent ing 
s i l ica c a l cu l i  is l es s  c l e ar . Addit ion o f  0 . 9 8% o f  an equa l mo lar 
phosphorus mix to the diet s igni f i cant ly decreas ed ur inary c a l cu l i  for -
mat ion . I n  exper iment 2 a l l  2% TES . treatments r egard l e s s of  the l eve l 
o f  the phosphorus mix supp l ementat ion had a high c a l cu l i  inc idence . In 
exper iment 4 ,  u r ine pH was lower for rat s  fed the phosphorus supp l e -
mented diet than i t  w a s  for thos e fed the phosphorus supp l emented diets 
in exper iment 2 .  I t  may have been the l ower pH in conj unct ion with the 
increas ed phosphorus rather than the s imp l e  e f fect of u r ine phosphorus 
level  that decreas ed ur inary c a l cu l i  incidence .  
Exper iment � · In vitro s i l ica s tudies . D at a  for the . in vitro 
s i l ica po lymer izat ion t r i a l  inc luded in experiment 5 are p r e s ented in 
t ab l e 1 2 . As pH increas ed , mo lybdate react ive S i02 w as decreas ed 
( P<0 . 0 1 )  dur ing the exper iment . The mean mo lybdate react ive S i02 
concent rat ion for pH va lues of  6 ,  7 and 8 was 5 2 1 ,  343 and 243 ppm , re -
spect ive ly . As the phosphorus concent rat ion incre ased , mo lybdat e reac -
t ive s i l ic a  increas ed ( P<O . O l )  but the increas es were s m a l l .  Mean mo l -
ybdat e react ive s i l ica at phosphorus l eve l s  o f  0 . 1 7 24 , 0 . 08 6 2 , 0 . 043 1 , · 
0 . 0 2 1 6  and 0 . 0 0 0  N were 384 , 3 7 4 , 3 6 1 , 3 6 3  and 3 6 6  ppm , respect ive ly . 
As t ime increas ed , mo lybdat e react ive s i l ic a  was decr eas ed ( P<O . O l ) . 
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Mean s i l ic a  values at 0 ,  2 ,  4 and 6 hours were 5 14 ,  3 6 0 , 3 15 and 289 ppm 
S i02 , respect ive ly . There were int eract ions pres ent between pH and 
phosphorus ( P<0 . 05 ) , t ime squared and pH ( P<O . O l )  and t ime cubed and pH 
( P <O . O l ) . Mo lybdate react ive S i02 was lowered much mor e  r ap idly 
with t ime at a pH o f  8 than at  a pH of  6 .  
The res u l t s  of  the · aged s i l ica-prot ein coprec ip i t at ion s tudy o f  
. exper iment 5 are i n  t ab le 1 3 . The amount o f  precip itat e formed was as -
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TAB LE 1 2  
E ffect o f  varying leve ls of sodium phosphate on mo lyb date reactive 
s i l ica disappearance over time at pH 6 ,  7 an d  8 1 
Sodium2 , 3 
phosphate Time (hr) 
normality 0 2 4 6 
Si02 concentrat ion (ppm) 
pH 6 . 0  
0 . 1724 550 5 32 5 15 49 7 
0 . 0862 5 79 560 525  496 
o ·. 04 3 1  564 542 5 1 l 4 74 
0 . 0 2 16 562  540 5 0 1 469 
o . oo oo 55 9 5 2 6  4 8 0  440 
pH 7 . 0  
0 . 1724 5 5 3 385 30 1 25 1 
0 . 0862 547 346 2 6 1 2 18 
0 . 04 3 1  5 5 2  3 1 7  2 39 20 1 
0 . 02 16 554 316 2 2 8  199 
o . oooo 55 3 36 3 2 72 22 3 
pH 8 . 0  
0 . 1 724 4 34 2 13 190 18 3 
0 . 0 8 62 397 199 182 173  
0 . 04 3 1  4 15 19 1 1 74 173  
0.  02 16 429 189 1 76 166 
o . oooo 460 188 168 16 6 
1 Data were anal yz ed us in g  the SAS procedure GLM. Si gn i ficant main 
e ffects and interactions are as fo �l ows : pH , P<0 : 0 1� pho spho rus , P<0 . 05 ;  pH X pho sphorus , �0 . 05 ;  T�me , P<0 . 0 1 ;  T�me X pH , P<D . 0 1  
Time 3X pH, �0 . 0 1 .  
2 So lution s were made equal -mo lar by the addit ion of 3 . 45 N sodium 
chl oride . 
3 The normal ity o f  the solutions is the sum of the norma l i t ies o f  
the monobas i c  and dibasic forms o f  sodium phosphate . 
TABLE 13 
E ffe ct s  o f  sodium phosphate on the copre c ipitat ion o f  
6 0 0  ppm aged si l icic aci d  and boyine s erum albumin 1 
Sodium2 ' 3 
phosph ate 
normality 
0 . 1 72 4  
0 . 0862 
0 . 04 3 1  
0 . 02 16 
o . oooo 
Absorbance4 (440 nm) 
pH 6 . 0  pH 7 . 0  pH 8 . 0  
0 . 60 7  
0 . 726 
0 . 759 
0 . 82 3  
- 0 . 8 37 
0 . 0 15 
0 . 0 13 
0 . 00 9  
0 . 0 10 
0 . 022 
0 . 0 09 
0 . 00 7  
0 . 009 
0 . 00 8  
0 . 0 09 
1 Statist ical ly s i gni fi cant effects on coprec ipitation o f  s il ica an d 
protein were found for pH , phosphorus and pH X phosphorus interac ­
tion ; P<O • 0 1 .  
2 Al l  solutions were kept equal -normal by the addition of 3 � 45 N 
sodium ch lori de . 
3 The normal ity o f  the solutions is the sum o f  the norma l i t i es o f · the 
monobas ic and dibas ic sodium phosphate pres ent . 
4 Absorbance or scatterin g o f  l i ght by the s i l i ca-pro t e in comp l e x  
i s  prese�ted . 
s o  
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sumed to b e  proport ional to the l ight absorbance measured by a spectro ­
photometer at 440 nm . The amount of  prec ipit at e  formed was highest at a 
pH o f  6 . 0  w ith a mean l ight absorbance of  0 . 7 5 0 . At pH va lues o f  7 and 
8 l ight absorbance was ne.gl igib l e . Increas ing phosphorus conc ent rat ions 
in the react ion mixture lowered (P<O . O l )  l ight abs orbance .  At a pH o f  
6 . 0  l ight abs orbance in so lut ions with 0 . 1 7 24 ,  0 . 0 8 6 2 , 0 . 04 3 1 ,  0 . 02 1 6 
and 0 . 0 00  N sodium phosphat e were 0 . 60 7 , 0 . 7 2 6 , 0 . 75 9 , 0 . 8 2 3  and 0 . 8 3 7 , 
respect ive ly . There was a s ignif icant int erre l at ionsh ip between phos ­
phorus and pH ; however ,  the effects of phosphorus at pH va lues o f  7 and 
8 were not adequat e ly tested when cons ider ing the low l ight absorbances 
obt ained . 
From the resu lts of exper iment 5 ,  the e f fect o f  pH on monos i l i ­
cic ac id po lymer izat ion and on po lys i l icic acid and prot e in coprecip i ­
t at ion s eem t o  o f f s et each other a t  p H  ext remes o f  6 and 8 ;  i . e . , in 
this range s i l i ca po lymerizat ion occurs mos t  rapid ly at pH 8 whi l e  the 
po lys i l ic ic ac id -prot ein comp lex precipitates mos t readi ly at pH 6 .  A 
urine pH in the range of 6 . 30 to 7 . 60 was obta ined in the rat exper i ­
ment s , and Richardson ( 5 1 )  found that some s i l ica po lymer izat ion could 
occur at  a pH va lue of 6 if the concentrat ion of  monos i l ic i c  acid was 
above 600 ppm . A l s o , po lymer izat ion of  s i l ica wi l l  increas e i f  the s a lt 
concent rat ion of  the so lut ion is increas ed ( 3 9 ) . Thus , prevent ion of 
po lys i l icic acid-protein coprecipitat ion below pH 7 may b e  an important 
ro le for e l evated ur inary phosphorus concent rat ions in the p revent ion o f  
s i l ica urinary ca lcu l i . 
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A lbumin and po lys i l icic acid coprec ip itat ion was great ly low ­
e red at pH values of  7 and 8 in the in v itro s tudies . I t  is known that 
p rot e in and po lys i l ic ic acid coprec ipit at e  mos t  read i ly at a pH j us t  
b e low the isoel ectric po int o f  the prot e in ( 6 9 ) . Ur inary prot e ins are 
neut r a l  mucop rot e ins ( 4 7 ) and they may have a h ighe r  isoe l ectr i c  point 
than does bovine s erum a lbumin us ed in experiment 5 .  B a i l ey ( S O ) ob ­
t ained cons iderab l e  prot e in and po lys i l ic i6 acid cop r e c ip i t at ion at a pH 
va lue o f  7 us ing lyopho l ized prot e in obt ained from d i a l ized bovine 
ur ine . 
Sodium pho sphat e s igni ficant ly reduced prot e in coprec ipitat ion 
w ith po lys i l ic i c  acid at a pH o �  6 .  There was l it t l e  prot e in and po ly­
s i l ic i c  acid coprecip it at ion at pH values of  7 and 8 s o  that the e f fects 
o f  s odium phosphate at an alka l ine pH cou ld not be det erm ined in the in 
vit ro s tudy . A di ffer ent source of  prot e in w ith a higher isoe lectric 
po int w i l l b e  needed to determine the e f fect o f  a bas ic pH and s odium 
phosphat e on coprecip i t at ion of prot e in and po lys i l ic i c  ac id . 
In a l l  the rat s tudies , there were no c a l cu l i  pres ent in any of  
the rats  fed diets w ith high l eve l s  of  phosphat e and acidic s a lts  which 
gave a ur ine pH o f  6 . 5 0 o r  lower , regard l es s  of  the p rot e in s ource fed 
to the rats . I t  is known that range gras s es grazed by ruminant animals 
are oft en de f i c ient in phosphorus . Urine phosphorus l eve l s  would be 
low , pos s ib ly making the anim a l s  more sus c ept ib l e  to s i l ic a  uro lithia­
s is . An exp e r iment with ruminants fed a c a l cu logenic  source o f  prairie 
hay and a supp l ement o f  phosphorus and acidic s a lt  to as sure product ion 
of  an acidic urine wi l l  b e  needed to e s t ab l ish whether the s e  results are 
app l icab l e  to ruminants . 
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SUM�ARY 
I n  exper iment 1 ,  two l eve l s  of TES ,  0 and 2% , and three l eve l s  
o f  c a l c ium c arbonat e ,  0 ,  1 and 2% , were added to t h e  d i et . S i l ica uri ­
nary ca l cu l i  inc idence in the t reatment s given 2% TE S and 0 ,  1 and 2% 
c a l c ium carbonat e in the diets were 7 ,  9 and 12 , respect ive ly . TE S de ­
pres s ed ( P<0 . 0 1 )  4 wk weight , 8 wk we ight and ur ine ca l cium , magnes ium 
and phosphorus concent rat ions . TE S increas ed ( P<0 . 0 1 )  urine vo lume and 
urine ca l c ium concent rat ion . C a l c ium carbonat e increas ed ( P<0 . 0 1 )  urine 
pH and ur ine ca l c ium concent rat ion whi l e  it decreased ( P<0 . 0 1 )  urine and 
p l asma magnes_ium and phosphorus concent rat.ions . A s igni f icant TES ·x 
c a l c ium carbonat e int eract ion was pres ent for 4 wk and 8 wk we ight s and 
ur ine c a l c ium concent ration . 
D ietary addit ions o f  phosphorus to a diet with sprayed -dried 
egg white as a prot � in source had no e f fect on ca l cu l i  inc idence in ex ­
per iment 2 .  C a l cu l i  inc idence for rats fed 2% TE S and 0 ,  0 . 6 8 and 1 . 36% 
o f  an equa l mo lar phosphorus mix were 1 0 , 7 and 1 0 , respect ive ly . The 
addit ion of TES to the diet s igni f icant ly decreas ed 4 wk weight , 8 wk 
we ight and urine c al c ium , magnes ium and phosphorus concentrat ions . TES 
increas ed ( P<0 . 0 1 )  ur ine vo lume and urine s i l ica concentrat ion . The 
equal mo l ar phosphorus mix addit ions decreas ed ( P<0 . 0 1 )  urine magnes ium 
and c a l c ium concent rat ions and increas ed urine and p l asma phosphorus 
concentrat ions . Wat e r  int ake , 4 wk we ight , 8 wk we ight , and c a l c ium 
concentr at ions showed a s igni f icant TES X phosphorus int eract ion . 
Three s a lt s uppl ement s , including 0 . 9 2% monoba s ic s od ium 
phosphat e . H2o ,  0 . 95% dibas ic s od ium phosphat e and 0 � 9 5% dibas ic s o -
dium phos phate p lus 0 . 5 0% sodium bicarbonat e ,  were fed in exper iment 3 
to s tudy the e ff ect s o f  urine pH on s i l ic a  ur inary c a l cu l i  format ion . 
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I n  addit ion , an in vitro s i l ica po lymer izat ion s tudy was conduct ed to 
evaluate the e ffects o f  r at urine on s i l ica po lymer izat ion . D ibas ic 
s odium phosphat e t reatments increas ed urine pH s igni ficant ly over the 
monobas i c  sodium phosphat e t reatment s . Ur ine c a l c ium , phosphorus , mag ­
nes ium and prot e in were decreas ed ( P< 0 . 0 1 )  by TES whi l e  urine s i l ica was 
increas ed ( P<0 . 0 1 )  by TES .  As the s a lt s  f ed to rats became more a lka­
l ine , water int ake was  s igni f ica?t ly increas ed and urine c a l c ium was 
decreas ed . A s igni f icant int eract ion between the type of  s a lt  and 'lev e l  
o f  TES added t o  t h e  d i e t  was found f o r  ur ine ca l c ium and s i l ic a  concen­
t rat ions and u r ine and p l asma phosphorus concent r at ion . 
S i l ica concentr at ion o f  the urine , ur ine pH , urine phosphorus 
cqncent r at ion and t ime were found to have the great e s t  e f fect on s i l ica 
po lymeriz at ion as det e rm ined by mo lybdat e react ive s i l ic a  in the urine . 
Dietary supp l ement s of . O and 0 . 75% ammonium ch lor ide and 0 and 
0 . 9 8% s od ium phosphat e were fed to rats in a facto r i a l  des ign to deter ­
mine the effect o f  ur ine phosphorus and pH on s i l ic a  urinary c a l cu l i  
format ion i n  exper iment 4 .  Diammonium phosphate was given t o  determ ine 
the ef fect s of  a s econd source o f  ammonium and phosphate equ iv a l ent s o.n 
s i l ica c a l cu l i  format ion . · Ther e  were 1 1 , 3 and 1 inc idences o f  c a l cu li , 
respect ive ly , in the contro l s , the diammonium phosphat e t r e atment and 
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t h e  0 . 9 8% phosphorus treatment . The c a l cu l i  inc idence f o r  t h e  cont ro ls 
was s igni f i cant ly d i f ferent from a l l  other t reatments . The r e  were no 
c a l cu l i  in e ither o f  the ammonium chlor ide treatments w ith or without 
phosphorus . Phosphorus s upp l ementat ion increased ( P< O . O l )  wate r  intake 
and urine and p lasma phosphorus concent rat ions , and it dec reas ed 
( P<O . O l )  urine pH , urine c a l c ium concent rat ion and ur ine and p l asma 
magnes ium concentrat ions . There was an ammonium ch loride and phosphorus 
int eract ion pres ent ( P<O . O l )  for urine pH , ur ine c a l c ium concentr at ion 
and p l asma magnes ium concentrat ion . 
The e f fects of  sodium phosphate and pH at a const ant ionic 
s t rength on �onos i l i c i c  acid po lymerizat ion and s i l ica-prote in coprec i ­
pitat ion in vit ro were studied i n  exper iment 5 .  Increas ing phosphorus 
and decreas ing pH inc reas ed ( P<O . O l )  amounts of mo lybdat e react ive s i l ­
ica pres ent in the s i l ica po lymer izat ion s tudy . There  was a ls o  a s ig ­
nificant int eract ion pres ent f o r  p H  and phosphorus .  
In the s i l ica and prot e in coprecipitat ion s tudy , l ight abs o r ­
bance b y  the dispers ed precip it at e  was as sumed to be quant itat ive ly 
corre l at ed with s i l ic a  and prot e in coprecip it at ion .  Phos phorus de ­
creas ed ( P<O . O l )  l ight abs orbance from a mixture o f  aged s i l ic a  and bo ­
vine s e rum a lbumin whi l e  increas ing the pH from a va lue o f  6 to 8 de ­
creas ed ( P<O . O l )  the l ight abs orbance to neg l igib l e  amount s .  A lthough a 
s igni f icant int eract ion between phosphorus and pH was pre s ent in this 
exper iment , the e ffect o f  pho.sphorus at pH va lues of 7 and 8 were poorly 
· tested , s ince ther e .was l itt l e  s i l ica and prot ein coprecip itat ion in a l l  
phosphorus t reatments w ith thes e pH va lues . 
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APPEND IX 
TABLE 1 
Ana lys is o f  variance tab l e  for 4 week weight ; expe riment 1 











Analys is o f  
Variat ion DF 
Total  1 1 8 
TE S  1 
Ca 2 
TE S X Ca 2 
Error 1 13 
485 09 . 5 7 9 8 3 2  
7589 . 86 14 19  
2 14 . 7 6 0 7 8 7  
5038 . 3 7 80 2 8  
35 8 18 . 63 6842 
TABLE 2 
7589 . 86 1 4 1 9  
1 0 7 . 3 8 0 3 9 3 
25 19 . 189 0 14 
3 16 . 9 7 9 0 8 7  
variance tab le for 8 week weight ; 
Sum o f  squares Mean square 
1 7 8 7 3 3 . 865546 
29 9 2 7 . 5 7 19 9 1 2 9 9 2 7 . 5 7 19 9 1 
2 19 7 . 295542 1098 . 64 7 7 7 1  
13 665 . 742094 6832 . 8 7 1 046 
1335 7 0 . 5 2 1 05 2  1 18 2 . 0400 0 9  
F value 
23 . 94 
0 . �4 
7 . 95 
exper iment 1 
F value 
25 . 3 2 
0 . 9 3 
5 . 7 8 
Prob 
0 . 0 0 1  
0 . 7 13 
0 . 00 1  
Frob 
0 . 00 1 
0 . 39 8  
0 . 004 
62 
TABLE 3 
Analys is of variance for wat er consumpt ion ; exper iment 1 
Variat ion DF Sum of squares 
Tot a l  
TE S  
C a  






3 5 2  
Analys is o f  
Var iat ion DF 
Tota l  143 
TES 1 
Ca 2 
TES X Ca 2 
Error 1 3 8  
5 15 2 1 . 0 7 2626  
1 3 9 . 0 9 3 8 0 6  
1 0 7 2 . 3 14334 
15 6 . 1 18554 
5 0 1 5 0 . 3339 0 8  
TABLE 
variance tab l e  for 
Sum o f  squares 
1 1 743 . 7 5 0 0 0 0  
1 2 3 6 . 694444 
10 1 . 5 4 1 6 6 7 
1 9 8 . 43055 6 
1 0 20 7 . 083333 
4 
Mean square 
1 3 9 . 0 9 3 8 06 
5 3 6 . 15 7 6 6 7  
7 8 . 05 9 2 7 7  
142 . 47 2540 
urine vo lume ; 
Mean square 
1236 . 694444 
5 0 . 7 7 0 8 3 3  
9 9 . 2 15 2 7 8  
7 3 . 9 643 7 2  
F value 
0 . 98 
3 . 7 6 
0 . 55 
experiment 
F va lue 
1 6 . 7 2 
0 . 69  
1 . 34 
1 
Prob 
0 . 324 
0. 024 
0 . 5 7 9  
Prob 
0 . 00 1 
0 . 505 




Analys is o f  variance tab l e  for urine pH ;· experiment 1 
Var iat ion DF Sum of squares Mean square F value Prob 
Tota l  143 38 . 189 3 75 
TES 1 0 . 05 0625 0 . 05 0 6 25 0 . 7 2 0 . 3 9 6  
C a  2 28 . 4 7 8 7 5 0  14 . 239 3 75 2 0 3 . 69 0 . 0 0 1  
TE S  X Ca 2 0 . 0 129 1 7  0 . 0 0 645 8 0 . 09  0 . 9 12 
Error 138  9 . 647 0 8 3  0 . 0 69 9 06 
TABLE 6 
Analys is o f  variance tab l e  for urine s il ica ; experiment 1 
Variat ion DF Sum of squares Mean square F va lue Prob 
Total 143 546605 . 9 3 9 3 7 5  
TES 1 1 6 9 1 74. 545 06 9 169 1 74 . 545 0 6 9  64. 2 7  0 . 00 1 
C a  2 7 7 94 . 9 1 3 7 5 0  399 7 . 45 6 8 75 1 . 5 2  0 . 223  
TES X Ca 2 6 160 . 1 7 68 0 6  308 0 . 0 88402 1 . 1 7 0 . 3 1 3 
E rror 138  3 6 32 7 6 . 3 0 3 7 5 0  2632 . 436 9 84 
6 5  
TABLE 7 
Analys is o f  variance tab l e  for urine cal citim ; expe riment 1 
Variat ion DF Sum of squares • Mean square F value Prob 
Tota l  143 7 9 5 5 9 . 5 94375 
TE S  1 1 7470 . 230625 1 7 4 7 0 . 2 3 0 6 25 9 7 . 5 3 0 . 0 0 1  
C a  2 30885 . 6 9 04 1 7  15442 . 845 2 0 8  8 6 . 2 1 0 . 0 0 1  
TES X Ca 2 6483 . 8954 1 7  324 1 . 947 7 0 8  18 . 10  0 . 0 0 1 
Error 1 3 8  247 1 9 . 7 7 7 9 1 7  1 7 9 . 1 28825 
TABLE 8 
Analys is of  variance tab l e  for urine magnes ium ; experiment 1 
Variat ion DF Sum of squares Mean square F va lue Prob 
Tot al 143 12002 . 188889  
TE S  1 1436 . 4 10 0 0 0  1436 . 4 1 0 0 0 0  2 1 . 48 0 . 00 1 
Ca 2 1 20 1 . 7 7 4306  6 0 0 . 8 8 7 1 5 2  8 . 9 9  0 . 00 1 
TES X Ca 2 136 . 9 25 4 1 7  6 8 . 46 2 7 08 1 . 0 2  0 . 362  
E rror 1 3 8  9 22 7 . 0 7 9 1 6 7 66 . 8 6 2 8 9 2  
TABLE 9 
Analys is o f  variance for urine phosphorus· , experiment 1 
Var iat ion DF 
Tot al 143 
TES 1 
Ca 2 
TES X Ca 4 
Error 1 3 8  
Sum o f  s quares 
120209 0 . 0000 
6200 1 . 0000 
586945 . 29 1 7 
1 5 05 4 . 29 1 7 
5 38089 . 4 167  
Mean square 
6200 1 . 0 0 0 0  
29347 2 . 6458 
7 5 2 7 . 1458 
3 8 9 9 . 19 8 7  
TABLE 1 0  
F value Prob 
15 . 9 0 0 .  00 1 
75 . 26 0 .  00 1 
1 . 9 3 0 . 149 
Analys is  of var iance tab l e  for b lood plasma magne s ium ; experiment 1 
Variat ion DF Sum _ o f  squares Mean square F va lue Prob 
Total  5 8  1 . 6 1 7 9 6 6 1 0  
TE S  1 0 . 0 0 7 2 7 2 7 3  0 . 0 0 7 2 7 2 7 3  0 . 42 0 . 5 18 
C a  2 0 . 63625 8 9 3 0 . 3 1 8 12 9 47 18 . 5 3 0 . 00 1 
TES X Ca 2 0 . 0 7 0 33036  0 .  035 165 1 8  2 . 05 0 . 1 39 
Error 5 3  0 . 9 1000000 0 . 0 1 7 1 69 8 1  
66 
6 7  
TABLE 1 1  
Analys is o f  var iance tab l e  f o r  b lood p l asma 
phosphorus ; exper iment 1 .  
Variat ion DF Sum of squares Mean square F va lue Prob 
Total  58  33 . 947 1 19 
TE S  1 0 . 2 055 78  0 . 2055 7 8  0 . 65 0 . 423 
Ca 2 15 . 05 0465 7 .  5 25 23 2  2 3 . 86 0 . 00 1  
TE S X Ca 2 1 . 9 27608 0 . 9 63 8 04 3 . 06 0 . 05 6  
E rror 5 3  16 . 7 1 9 222  0 . 3 15 45 7 
TABLE 12 
Ana lys is of variance table for 4 week weight ; exper iment 2 
Var iat ion DF Sum of squares Mean square F value Prob 
Tot al 1 18 33062 . 638655 
TES 1 244 1 . 3 7 85 13 244 1 . 3 7 85 1 3  10 . 60 0 . 002  
Phos 2 145 . 5 9 7 05 1  7 2 . 7 9 8 5 25 0 . 32 0 . 7 30 
TE S X Phos 2 439 1 . 5 4 1 0 1 6  2 1 9 5 . 7 7 05 0 8  9 . 5 3  0 . 0 0 1  
Error 1 13 26022 . 47 1053  230 . 2 8 7 354  
68 
TABLE 1 3  
Analys is o f  variance tab le for 8 week weight ; exper iment 2 
Variat ion DF Sum o f  squares Mean square F value Prob 
Tota l  1 18 125326 . 9 243 7 0  
TES 1 5 9 7 7 . 35 1 12 1  5 9 7 7 . 35 1 12 1  6 . 39 0 . 0 13 
Phos 2 142 . 3 18602  7 1 . 15 9 30 1  0 . 08 0 . 9 2 7  
TES X Phos 2 1 3355 . 7 2636 1 6 6 7 7 . 86 3 1 80  7 . 14 0 . 00 1  
E rror 1 13 105665 . 32 105 3 9 35 . 09 13 3 7  
TABLE 14 
Analys is of  variance for wat er consumpt ion ; experiment 2 
Variat ion DF Sum of squares Mean square F value Prob 
Tot al  355  242 7 9 . 9 6 8 3 9 9  
TES 1 7 6 9 . 540004 7 6 9 . 540004 1 1 . 68 0 . 0 0 1  
Phos 2 49 . 2047 7 9  24 . 6 0 2 3 8 8  0 .  3 7  . 0 . 68 9  
TES X Phos 2 425 . 5 2435 3 2 1 2 . 7 62 1 7 6  3 . 23 0 . 04 1  
Error 35 0 23060 . 128869 65 . 886082  
6 9  
TABLE 1 5  
Analys is o f  var iance tab l e  for ur ine vo lume· ; experiment 2 
Variat ion DF Sum of squares Mean square F va lue Prob 
Total  143 10366 . 000000 
TES 1 9 8 1 . 7 7 7 7 7 8 9 8 1 . 7 7 7 7 7 8  14 . 65 0 . 00 1  
Phos 2 104 . 000000 5 2 . 0 0 0 0 0 0  0 . 7 8 0 . 46 2  
TES X Phos 2 3 1 . 05 5 5 5 6  15 . 5 2 7 7 7 8  0 . 23 0 . 7 9 4  
Error 1 3 8  9 249 . 1 66667  6 7 . 0 2 2 9 4 7  
TABLE 16 
Ana lys is of var iance tab le for urine pH ; experiment 2 
Var iat ion DF Sum of squares Mean square F va lue Prob 
Total  143 8 . 3 75 5 5 6  
TES 1 0 . 054444 0 . 054444 1 . 60 0 . 20 9  
Phos 2 3 . 5 7 1806 1 . 7 85 90 3  5 2 . 35 0 . 00 1  
TES X Phos 2 0 . 041806 0 . 0 2 0 9 0 3  0 . 6 1 0 . 543 
Error 138  4 . 7 0 75 00 0 . 0 34 1 12 
70 
TABLE 1 7  
Ana lys is o f  variance tab l e  for ur ine s i l ica ; exper iment 2 
Variat ion DF Sum o f  squares Mean square F va lue Prob 
Total 143 1 14362 . 7 33056 
TES 1 955 0 1 . 60 1 1 1 1  955 0 1 . 60 1 1 1 1  7 1 8 . 23 0 . 00 1  
Phos 2 408 . 35 2639 2 04 . 1 7 63 1 9  1 . 54 0 . 2 19 
TES X Phos 2 103 . 100 139  5 1 . 5 5 0 0 6 9  0 . 3 9 0 . 6 79  
Error 1 3 8  18349 . 6 7 9 1 6 7  1 3 2 . 9 6 8 6 9 0  
TABLE 18  
Analys is of  vari ance tab l e  for urine cal c ium ;  experiment 2 . 
Var iat ion DF Sum o f  squares Mean square F value Prob 
Total 143 25 387 . 27 7500  
TES 1 2 6 7 8 . 062500 26 7 8 . 062 5 0 0  2 1 . 40 0 . 00 1 
Phos 2 4325 . 75 04 17 2 16 2 . 8 7 5 2 0 8  1 7 . 28 0 . 00 1  
TES X Phos 2 1 1 13 . 03 125 0 5 5' 6 . 5 1 0 6 25 4 . 45 0 . 0 13 
Error 138  1 7 2 7 0 . 433333 . 125 . 148 0 6 8  
7 1  
TABLE 1 9  
Ana lys is o f  variance tab l e  for urine magnes ium ; exper iment 2 
Variat ion DF Sum of squares Mean square F value Prob 
Tota l  143 1 15 7 9 . 322222 
TES 1 8 5 7 . 5 136 1 1  85 7 . 5 1 36 1 1  1 2 . 13 0 . 00 1  
Phos 2 9 20 . 47 7 63 9  460 . 238 8 19  6 . 5 1  0 . 00 2  
TES X Phos 2 46 . 305 9 7 2  23 . 1 5 2 9 8 6  0 . 3 3 0 . 7 2 1  
E rror 1 3 8  9 755 . 025 000 7 0 . 6 8 85 8 7  
TABLE 20 
Ana lys is of variance for urine phosphorus , experiment 2 
Var iat ion OF Sum o f  squares Mean square F value Pr.ob 
Total  143 80 1 19 2 . 8889 
TES 1 2 3 7 1 6 . 0000 23 7 16 . 0000  22 . 88 0 . 00 1  
Phos 2 62849 1 . 0 9 7 2  3 14245 . 5486 3 03 . 1  0 . 00 1  
TES X Phos 2 5 9 24 . 6250 2 9 6 2 . 3 1 25 2 . 86 0 . 06 1  
Error 1 3 8  14306 1 . 1667  1036 . 6 7 5 1 
7 2  
TABLE 2 1  
Analys is of variance tab l e  for b lood p .lasma · 
phosphorus ; expe riment 2 .  
Variat ion DF Sum of squares Mean square F va lue Prob 
Tota l  5 9  45 . 1 0 1 83333  
TES 1 0 . 280 16667  0 . 280 1 6 6 6 7  0 . 69 0 . 4 1 1  
Phos 2 1 9 . 7 3433333 9 . 8 6 7 1 6 6 6 7  24 . 14 0 . 00 1  
TES X Phos 2 3 . 0 1433333 1 . 5 0 7 1 6 6 6 7  3 . 69 0 . 03 2  
Error 54 22 . 0 7 3 00000  0 . 40 8 7 5 9 26 
TABLE 22 
Analys is o f  variance tab le for 4 week weight ; exper iment 3 .  
Variat ion DF . Sum of squares Mean square F value Prob 
Tota l  1 19 5 5 3 0 1 . 466667  
TES 1 3808 . 133333 3808 . 1 3 3 3 3 3  8 . 7 0 0 . 004 
S alt 2 1 163 . 0 1 6667  5 8 1 . 5 08 3 3 3  1 . 3 3 . 0 . 269 
TES X Salt  2 404 . 0 1 6 6 6 7  202 . 008333  0 . 46 0 . 6 32  
Error 1 14 49926 . 300000 43 7 . 9 5 0 00 0  
73 
TABLE 23 
Analys is o f  variance tab le for 8 week we ight ; experiment 3 .  
Variat ion DF Sum o f  squares Mean square F value Prob 
Tot a l  1 19 2 1 25 65 . 96 6 6 6 7  
n: s  1 1 7 23 2 . 033333  1 7 2 3 2 . 0 3 3 3 3 3  1 0 . 42 0 . 00 2  
S a l t  2 3 15 1 . 666667  15 7 5 . 8 3 3 3 3 3  0 . 9 5 0 . 3 8 9  
TES X S a l t  2 3565 . 266667  1 7 82 . 6 3 3 3 3 3  1 . 08 0 . 344 
Error 1 14 1886 1 7 . 000000 1654 . 5 3 5 0 8 8  
TABLE 24 
Analys i s  o f  variance for water consumpt ion ; experiment 3 
Var iat ion DF Sum of squares Mean square F value Prob 
Tot a l  3 5 8  3548 2 . 484680 
TES 1 5 7 6 . 0 15 7 75 5 7 6 . 0 15 7 7 5  6 . 03 0 . 0 15 
Salt 2 7 0 8 . 662 1 74 354 . 33 1 0 8 6  3 . 7 1 0 . 026  
TES X Salt 2 448 . 7 28 1 85 224 . 3640 9 2  2 . 35 0 . 09 7  
Error 35 3 3 3 744 . 0 1 6384 9 5 . 5 9 2 1 14 
74 
TABLE 25 
Analys is of var iance tab l e  for urine pH ; - exper iment 3 .  
Variat ion DF Sum o f  squares Mean square F va lue Prob 
Total  143 1 7 . 266389  
TE S  1 0 . 2336 1 1  0 . 23 3 6 1 1  8 . 7 1  0 . 004 
S a l t  2 1 2 . 833472 6 . 4 16 7 3 6  239 . 22 0 . 00 1  
TES X Salt 2 0 . 49 7 6 3 9  0 . 248 8 1 9  9 . 2 8 0 . 00 1  
Error 138  3 . 70 166 7 0 . 0 2 6 8 24 
TABLE 26 
Analys is o f  var iance tab le for ur ine_ s i l ica ; experiment 3 .  
Var iat ion DF Sum of squares Mean square F va lue Prob 
Total 143 10867 2 . 0 7 3264 
TES 1 8 3 160 . 140625 83 160 . 140 6 25 486 . 63 0 . 00 1  
Salt 2 6 12 . 856806 306 . 428402 1 . 7 9 0 . 1 7 0  
TES X Salt 2 1 3 16 . 5 004 1 7  658 . 250208 3 . 85 0 . 024 
E rror 138  23582 . 5 7 5 4 1 7  1 7 0 . 888228 
75 
TABLE 2 7  
Analys is o f  var iance tab l e  for ur ine ca lcium ; experiment 3 .  
Variat ion DF Sum of squares Mean square F va lue Prob 
Total  143 22 1 1 . 43 75 0 0  
TE S  1 418 . 2025 0 0  4 18 . 2 0 2 5 0 0  3 8 . 8 8 0 . 0 0 1  
S a l t  2 163 . 2 1625 0  8 1 . 608 125 7 . 5 9  0 . 00 1  
TES X Salt 2 145 . 67 3 75 0  7 2 . 8 3 68 7 5  6 . 7 7 0 . 00 2  
Error 138  1484 . 345 000 10 . 7 5 6 123  
TABLE 28 
Analys is  o f  variance tab le for urine magnes ium ; experiment 3 
Variat ion DF Sum of squares Mean square F value Prob 
Tota l  143 334 1 . 748 8 8 9  
TE S  1 29 8 . 7 13 6 1 1  2 9 8 . 7 1 3 6 1 1  14 . 33 0 . 00 1  
S a lt 2 6 . 9 8 9 306 3 . 4946 5 3  0 . 1 7 0 . 846 
TES X Salt 2 15 8 . 806806 7 9 . 40 3402 3 . 8 1 0 . 025 
E rror 138  28 7 7 . 239 167  20 . 849 5 5 9  
76 
TABLE 2 9  
Analys is o f  var iance for urine phosphorus , experiment 3 
Variat ion DF Sl.lm of squares Mean square F va lue Prob 
Total  143 1 8 7 649 1 . 15 9 7  
TES 1 1290"60 . 5 6 25 1 2 9 0 6 0 . 5 6 25 1 0 . 60 0 . 00 1  
Salt 2 3 7 87 1 . 6805 1 8 9 35 . 8402 1 . 5 6 0 . 2 15 
TES X S a l t  2 29 30 1 . 125 000 146 5 0 . 5 6 25 1 . 20 0 . 303 
Error 1 3 8  168025 7 . 7 9 1 7  12 1 75 . 7 8 1 1  
TABLE 30 
Analys is o f  variance tab le for urine . prot e in ; exper iment 3 
Variat ion DF Sum o f  squares Mean square F value Prob 
Tota l  143 545 7 74 1 . 4375 
TES 1 1 17 1265 . 0625 1 1 7 1265 . 0 625 42 . 4 1 0 . 00 1 
Salt 2 6035 0 . 1 6 6 7  30 1 7 5 . 0 8 3 3  1 . 09 0 . 3 38 
TES X Salt  2 4 1463 1 . 5 00 0  20 7 3 15 . 7 5 0 0  7 . 5 1  0 . 00 1 
Error 138 38 1 1494 . 7 083 2 7 6 1 9 . 5 26 9  
7 7  
TABLE 3 1  
Analys is o f  var iance tab l e  f o r  b lood p -l asma · 
magnes ium ; experiment 3 
Variat ion DF Sum of squares Mean square F value Prob 
Tot al 5 9  1 . 6 6 9 3 3 3 3 3  
TES 1 0 . 032666 6 7  0 . 0 3 2 6 6 6 6 7  1 . 7 9 0 . 1 8 7  
Salt 2 0 . 2 9 0 3 3 3 3 3  0 . 145 1 6 6 6 7  7 . 9 3 0 . 00 1  
TES X Salt 2 0 . 3 5 8 3 3 3 3 3  0 . 1 7 9 1 6 66 7 9 . 7 9 0 . 00 1  
Error 54 0 . 9 8800000 0 . 0 1 82 9 6 3 0  
TABLE 32 
Analys is of  variance for water consumpt ion ; experiment 4 
Var iat ion DF Sum of squares Mean square F va lue Prob 
Tota l  2 8 2  35 9 12 . 2 7 38 5 2  
AC 1 209 � 7 38087  209 . 7 3 8 0 8 7  1 . 70 0 . 1 9 3  
p 1 1 0 1 3 . 003 188  10 1 3 . 003 1 8 8  8 . 23 0 . 004 
AC X p 1 3 7 5 . 5 10 2 8 1  375 . 5 1028 1 3 . 05 0 . 082  
Error 2 7 9  343 36 . 3 745 99  123 . 0 6 9 44 3  
78  
TABLE 3 3  
Ana lys is o f  variance tab l e  for urine pH ; . experiment 4 
Variat ion DF Stun of squares Mean square F value Prob 
Tot a l  1 19 24 . 049 9 1667  
AC 1 18 . 486 75 000 18 . 486 75 0 0 0  6 34 . 64 0 . 00 1  
p 1 1 . 6 1008333  1 . 6 1 0 0 8 3 3 3  55 . 27 0 . 00 1  
AC X P . 1  0 . 5 7408333 0 . 5 7408 3 3 3  1 9 . 7 1 0 . 00 1  
Error 1 16 3 . 3 7 9 00 000 0 . 0 2 9 1 29 3 1  
TABLE 34 
Analys is o f  variance tab le for urine pH ; experiment 4 
Var iat ion OF Sum of squares Mean s quare F va lue P rob 
Tota l  5 9  2 . 44400000 
Treatment 1 0 . 7 7066667  0 . 7 7 06 6 6 6 7  26 . 7 1 0 . 00 1  
Error 58 1 . 67 333333 0 . 0 2 88 5 05 7 
TABLE 35 
Analys is o f  variance tab le for urine cal cium ; · experiment 4 
Var iat ion DF s·um of squares Mean square F value 
Total 1 19 8 13 7 . 3 18 6 6 7  
AC 1 6 . 5 33 3 3 3  6 . 5 3 3 3 3 3  0 . 1 2 
p 1 1 7 02 . 5 33 3 3 3  1 7 02 . 5 3 3 3 3 3  3 1 . 54 
AC X P 1 1 6 7 . 088000 1 6 7 . 0 8 8 0 0 0  3 . 1 0 
Error 1 16 626 1 . 164000 5 3 . 9 75 5 5 2  
TABLE 3 6  





DF Sum o f  squares 
5 9  
1 
5 8  
1 149 . 1 7 65 00 
1 13 . 9 88 1 6 7  
1 035 . 188333 
Mean square 
1 13 . 9 8 8 1 6 7  
1 7 . 848 0 7 5  
F va lue 
6 . 39 
79 
Prob 
0 . 728 
0 . 00 1  
0 . 08 1  
Prob 
0 . 0 14 
8 0  
TABLE 3 7  
Ana lys is  o f  variance tab l e  for urine magnes ium ; experiment 4 
Variat ion DF Sum of squares Mean s quare F va lue Prob 
Total  1 19 63 7 7 . 05 7 9 1 7  
AC 1 12 . 740083  12 . 740083 0 . 25 0 . 6 1 8 
p 1 3 9 1 . 32408 3  3 9 1 . 3 24083 7 . 7 0 0 . 00 6  
AC X P 1 7 7 . 602083 7 7 . 6 0 2 0 8 3  1 . 5 3 0 . 2 19 
Error 1 1 6 5 8 9 5 . 3 9 1 6 6 7  5 0 . 822342 
TABLE 38 
Analys is o f  variance for urine phosphorus ; experiment 4 
Variat ion DF Sum of s quares Mean square F value Prob 
Total  1 1 9 5 6 1 108 . 5 000  
AC 1 1 9 2 . 5 33 3  19 2 . 5 33 3  0 . 1 9 0 . 66 1 
p 1 4394 7 2 . 0333  43 9 4 7 2 . 0 3 3 3  427 . 22 0 . 00 1  
AC X p 1 2 1 16 . 8000 2 1 16 . 8000  2 . 06 0 . 154 
Error 1 1 6 1 19 3 2 7 . 1333  1028 . 6822 
8 1  
T.ABLE 39 
Analys is of variance for p l asma magnes ium _; e.xperiment 4 
Var iat ion DF Sum o f  squares Mean square F va lue Frob 
Tot a l  23 0 . 5 5 33333  
Treatment 1 0 . 1666667  0 . 166666 7  9 . 1 8 0 . 0 1 
Error 22 0 . 3866667  0 . 0 1 7 5 7 5 8  
TABLE 40 
Analys is  o f  variance for p l asma phosphorus ; experiment 4 
Variat ion DF Sum o f  Squares Mean square F value Frob 
Tot al  4-7 5 2 . 5 66666 7 
AC 1 0 . 06 75 000 0 . 0 6 7 5 0 0 0  0 . 08 0 . 783  
p 1 13 . 4408333 13 . 4408 3 3 3  15 . 2 7 0 . 00 1  
AC X p 1 0 . 3333333  0 . 3 3 3 3 3 3 3  0 . 38 0 . 54 1  
Error 44 38 . 7 25 0000 0 . 880 1 1 3 6  
8 2 
TABLE 4 1  
Ana lys is o f  variance for determ in ing the e ffect o f  
phosphate and p H  on s i l ica po lymerizat ion , experiment 5 
Variat ion DF Sum o f  squares Mean square F value Prob 
Tota l  1 7 9  435 32 1 2 . 9 944 
Rep 2 3 6 346 . 7 8 3 7  1 7 8 . 39 1 9 
pH 2 149 3 6 8 8 . 6 9 84 746844 . 349 2 2 0 1 .  a . 0 . 0 0 1  
Rep X pH 4 147 9 9 . 0 222  3 6 9 9 . 7555  
Phos 4 1 0 7 8 7 . 8203 2 6 9 6 . 955 0 4 . 47 0 . 05 
Rep X Phos 8 48 1 6 . 1444 6 02 . 0 18 0  
p H  X Phos 8 1 8 040 . 47 7 8 2255 . 05 9 6  4 . 43 0 . 05 
RepXpHXPhos 1 6  8 13 6 . 7 5 5 6  5 0 8 . 5 4 7 2  
T ime 1 3 1434 . 5 209 3 1434 . 5 2 0 9  6 9 1 . 3  0 . 0 0 1  
Time X Rep 2 9 0 . 9466 45 . 4 7 3 3  
Time X pH 2 15 649 . 0 7 84 7 8 24 . 5 39 1 1 . 008  NS 
TimeXpHXR.ep 4 3 1 0 5 2 ·� 0 1 7  8 7 7 63 . 0043 
Time X Phos 4 290 . 3 9 6 8  7 2 . 5 9 9 2  0 . 09 8  · NS 
TimeXRepXPhos 8 5 8 9 6 . 8200 7 3 7 . 1025 
TimeXpHXPhos 8 3 9 5 6 . 9 13 3  494 . 6 142 1 . 439  NS 
AboveXRep 1 6  5498 . 22 6 7  343 . 63 9 2  
Time**2 1 1 8 3 8 7 2 . 2 7 22 1 8 3 8 7 2 . 27 2 2  2 0 . 2 7 7  NS 
Time**2 X Rep 2 1 8 1 35 . 6444 9 0 6 7 . 8 2 2 2  
Time**2XpH 2 1 10494 . 4 1 1 1  55247 . 20 5 0  7 2 . 7 1 0 . 0 0 1  
Time**2XPhos 4 1 9 5 5 . 47 7 8 488 . 8694 0 . 64 NS 
Time�rn3 1 1 75 20 . 9 344 1 7 5 20 . 9344 1 1 . 5 2 0  -NS 
Time**3 X Rep 2 304 1 . 8 7 5 6  15 20 . 9 3 7 8  
Time**3XpH .2 1 6 9 22 . 1356 846 1 . 06 7 8  1 1 . 14 0 . 00 1 
Time**3XPhos 4 2 1 1 . 3 9 33 52 . 848 3 0 . 0 7 NS 
Error 72 5 4 7 04 . 9 5 5 6  7 5 9 . 7 9 1 0 ' 
TABLE 42 
Ana lys is o f  var iance for the experiment dete rmining the 
e ffect of phosphate and pH on s i l ica and prote in 
coprecipitat ion , experiment 5 .  
Var iat ion DF Sum of squares Mean s quare F va lue 
Tota l  44 5 . 5 8205 9 64 
Rep 2 0 . 00 1 9 1 9 24 0 . 0 0 0 9 5 9 6 2  
pH 2 5 . 45 02805 8 2 . 7 25 1403 2 7 5 1 . 
Rep X pH 4 0 . 0039 6 18 2  0 . 000 9 9 046 
Phos 4 · o . 0 3 5 60342 0 . 0 0 8 9 0 0 8 6  10 . 04 
Rep X Phos 8 0 . 0 0 7 0 943 1 0 . 0 0 0 8 8 6 7 9  
pH X Phos 8 0 . 0 6 6 8 0 164 0 . 0 0 8 35 0 2 1  8 . 15 
RepXpHXPhos 16 0 . 0 1 6 3 9 8 6 2  0 . 00 1 0249 1 
8 3  
Prob 
0 . 00 1  
0 . 0 1 
0 . 0 1 
84 
TABLE 43 
I ndividua l dat a  f rom s i l ica po lymer izat ion study 
conduct ed to det e rm ine e f fects of rat urine on s i l i ca 
po lymer izat ion , exper iment 3 
Time (hr ) 
Ur ine Urine 
Rat tfo 0 2 4 6 8 Phos pH 
S i02 concent rat ion (ppm) 
Co l l ection 1 
Acid s a lt 
1 64 1 5 0 8  45 7 . 423  4 1 0  2 6 3  6 . 36 
2 5 2 6  5 1 1  4 7 9  45 7 4 3 9  2 74 6 . 28 
3 5 4 7  45 8 428 42 1 3 8 9  3 3 1 6 . 2 1 
4 5 0 8  3 5 3  2 9 7 2 6 1  2 3 6  2 0 3  6 . 6 7 
5 6 3 9  5 5 8  5 22 4 9 0  4 7 2  4 3 2  6 . 14 
6 6 2 6  :5 0 8  4 7 2 . 4 3 0  4 1 8  3 6 6  6 . 35 
TES ,  Acid s a lt 
2 1  49 3 464 360  3 1 7 2 9 5  184 6 . 40 
. 22  688  4 18 340 3 0 2  2 8 1 240 6 . 5 7 
2 3  6 8 9  346 2 84 2 4 1  2 3 0  246 6 . 4 1 
24 6 0 8  3 24 263  2 2 7  2 12 1 6 7  6 . 55 
25 6 7 0  245 2 16 1 9 2  1 8 4  1 5 0  6 . 9 8 
2 6  7 2 9  400 3 24 2 9 5  25 9 229  6 . 5 7 
Neutra l s al t  
4 1  648 3 6 9  2 8 1  25 7 2 3 6  224 6 . 7 7 
42 5 6 9  4 14 369  3 28 3 0 8  2 3 3  6 . 7 7 
43 5 6 5  432 3 7 6  347  324  4 12 6 . 6 1 
44 5 2 0  3 9 4  3 5 1 3 1 7 2 8 8  2 7 6  6 . 8 3 
45 6 0 5  4 18 346 3 15 2 8 8  2 8 1  6 . 8 7 
46 6 1 0 468 400 3 74 35 3 34 1 6 . 64 
TES ,  Neut r a l  s a l t  
6 1  542  263  207  187  189  1 75 7 . 06 
6 2  7 1 6 3 15 241  2 1 1  2 0 5  1 9 9  6 . 68 
6 3  644 428 328  2 9 5  2 7 4  3 3 2  6 . 5 8 
64 6 0 8  25 6 220  198  184 2 1 9  6 . 9 2 
6 5  684 3 5 3  2 8 1  248 2 3 8  3 1 8 6 . 7 1 
6 6  65 9 266  2 1 1  202  202  1 9 7  6 . 95 
B as ic s al t  
8 1  740 2 7 7  2 3 0  2 0 9  2 12 1 2 7  7 . 29 
8 2  � 9 0 · 3 9 2  3 2 0  302  274  3 1 1  6 . 9 0 
8 3  4 9 0  288  245 220  2 1 1  2 1 0  7 . 22 
84 5 3 1  295  252  229  209  296  7 . 1 6 
85  5 9 8  3 10 248 234 2 12 3 9 4  7 . 05 
8 6  605  425 364 3 3 1  2 9 5  348 7 . 1 6 
85 
TABLE 43 cant . 
Time (hr ) 
Ur ine Urine 
Rat # 0 2 4 6 8 Phos pH 
S i02 concent rat ion ( ppm ) 
Co l l ect ion 1 
TES , B as ic s a lt  
1 0 1  5 94 3 10 243 234 2 2 7  2 7 4  6 . 9 7 
1 0 2  6 35 223 1 84 1 9 1 1 9 4  1 8 1  7 . 43 
1 0 3  542 230 205 1 9 4  1 8 7  2 10 7 . 23 
1 04 5 74 256 22 1 2 1 8  2 0 5  2 2 9  7 . 1 3 
1 0 5  5 8 7  248 220  202  184 244 7 . 28 
1 0 6  7 20 333  2 7 0  . 25 0 2 2 7  242 6 . 55 
Co l l ect ion 2 
Acid s a l t  
1 5 3 1  434 3 7 6  3 8 3  3 5 1 208  6 . 3 9 
2 4 7 2  446 403 3 9 4  3 8 0  25 2 .6 .  3 7  
3 64 1 554 508 4 9 9  4 7 7  3 9 6  6 . 28 
4 648 549 5 2 0  49 9 4 7 0  3 8 0  6 . 1 7 
5 6 2 1 5 3 1  49 1 4 7 9  45 2 3 29 6 . 25 
6 5 9 8  4 7 0  446 4 1 0  3 8 3  2 6 6  6 . 5 7 
7 644 547  5 2 7  49 9 4 6 6  2 9 9  6 . 24 
8 6 8 2  5 6 7  5 2 2  49 0 4 6 8  4 1 6  6 . 34 
TES ,  Acid s a lt 
2 1  44 1 4 1 8  3 3 5  342 2 9 5  2 10 6 . 54 
2 2  5 4 7  4 1 7  3 6 5  3 3 8  2 9 9  3 15 6 . 4 1 
2 3  7 16 302  25 6 2 1 6  1 9 1 1 5 8  6 . 66 
24 7 14 475  43 7 405 3 6 0  140 6 . 38 
25 6 8 2  3 6 9  3 1 0 2 6 3  2 5 2  1 74 6 . 6 1 
2 6  6 6 8  382  328  284 2 6 8  1 2 2  6 . 7 1 
2 7  6 9 7  2 9 9  234 2 0 2  1 9 4  1 1 7 6 . 7 7 
2 8  7 8 7  48 1 40 7 35 3 3 24 1 9 6  6 . 40 
Neut r a l  s a l t  
4 1  5 63 4 1 8  346 3 3 5  3 3 8  249 6 . 86 
42 4 7 9  3 1 3  227  2 2 9  2 1 2  1 8 6  6 . 7 8 
4 3  6 2 6  44 1 4 1 6  3 9 2 3 64 3 2 6  6 . 7 2 
44 5 9 0  3 7 8  346 3 15 2 6 1  1 8 2  6 . 94 
45 6 14 4 7 0  40 7 3 8 2  3 6 0  4 19 6 . 6 7 
46 5 6 9  446 4 1 0  3 8 3  � 5 6  1 7 0  6 . � 1 . 
4 7  6 7 9  400 3 3 3  3 0 2  2 7 2  4 14 6 . 89 
48  Q 5 0  49 7 45 7 42 7 4 0 7  2 7 6  6 . 7 7 
86 
TABLE 4 3  cant . 
Time ( h r )  
Ur ine · Ur ine 
Rat # 0 2 4 6 8 Phos pH 
S i0 2 concentrat ion ( ppm ) 
Co l lect ion 2 
TES , Neut r a l  s a lt 
6 1  6 5 0  304 243 2 2 7  2 2 7  1 8 2  6 . 7 7 
62 6 3 7 295  229  2 2 7  2 2 0  2 0 0  6 . 86 
63  6 5 0 288 220 2 1 2  1 7 3  85  6 . 83 
64 6 6 2  248 2 16 205  1 7 6  15 3 6 . 89 
65 7 13 2 9 9  245 220  2 1 2 2 10 6 . 7 3 
6 6  6 14 2 6 1 2 3 0  . 2 0 9  2 0 0  i40 7 . 1 2 
6 7  7 3 8  5 22 284 25 6 245 2 3 3  6 . 8 9 
6 8  7 1 1  3 0 2  2 3 9  2 16 2 0 3  1 5 9  6 . 89 
B as ic s a lt 
8 1  634 J- 7 7  2 14 220 . 2 0 3  7 3  6 . 9 6 
82  5 5 8  326  2 7 4  2 6 3  2 5 9  25 0 7 . 04 
8 3  5 5 1 35 1 3 10 2 7 2  2 3 8  1 5 4  7 . 15 
84 5 74 3 10 2 7 7  25 7 2 1 6 3 5 7 7 . 1 6 
85  545  3 6 7  2 9 5  2 6 1 245 232 7 . 2 7 
86 542 3 1 3 2 7 9  245 2 3 2  2 64 7 . 24 
8 7  605 392 3 19 2 8 8  2 6 6  2 64 7 . 1 8 
88 6 3 2  436 3 7 8  335  3 1 7  3 3 6  7 . 1 1 
TES , B as i c  s a lt 
10 1 5 3 6  28 1 220  2 2 0  2 0 5  240 7 . 0 3 
102  486  25 0 2 0 2  1 9 8  1 9 3  145 7 . 29 
1 0 3  5 5 1 223 2 16 2 0 0  1 7 5  224 7 . 3 7 
104 6 6 1  3 24 288  2 7 4  2 3 0  346 7 . 04 
105  6 12 245 2 12 202  1 9 8  154  7 . 15 
1 0 6  5 9 8  230 202 184 1 8 2  1 5 6  7 . 23 
1 0 7  6 5 2  263  2 18 2 1 1  · 2 0 2  1 2 0  7 . 2 7 
1 0 8  7 5 8  320 248 2 2 0  2 0 3  2 64 6 . 6 6 
TABLE 44 
Regres s ion det erminat ion for added diet ary ca lcium 
carbonat e e ffect on s il ica urinary ca l cu l i  




S lope = 
Intercept= 
Regress ion= 
Corre l at ion= 
t= 
C a l cu l i  inc idence 
7 / 20 
9 / 20 




12 . 5  
34 . 2  
46 .. 7 
0 . 9 9 3  
8 . 66 ( P<0 . 05 )  
8 7  
